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ENDOTHELIN ANTAGONISTS 



This is a continuation-in-part of U.S. patent application Serial No. 
126,822, filed September 24, 1993. 

Technical Field 

15 The present invention relates to compounds which are endothelin 

antagonists, processes for making such compounds, synthetic 
intermediates employed in these processes and methods and 
compositions for antagonizing endothelin. 

* 

20 Packgrpgnd pf the Invention 

Endothelin (ET) is a 21 amino acid peptide that is produced by 
endothelial cells. ET is produced by enzymatic cleavage of a Trp-Val 
bond in the precursor peptide big endothelin (Big ET). This cleavage is 
caused by an endothelin converting enzyme (ECE). Endothelin has 

25 been shown to constrict arteries and veins, increase mean arterial blood 
pressure, decrease cardiac output, increase cardiac contractility in vitro , 
stimulate mitogenesis in vascular smooth muscle cells in vitro, contract 
non-vascular smooth muscle including guinea pig trachea, human 
urinary bladder strips and rat uterus in vitro, increase airway resistance 

30 la vivo, induce formation of gastric ulcers, stimulate release of atrial 
natriuretic factor in vitro and in vivo , increase plasma levels of 
vasopressin, aldosterone and catecholamines, inhibit release of renin in 
vitro and stimulate release of gonadotropins in vitro. 
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H has been shown that vasoconstriction is caused by binding of 
endothelin to its receptors on vascular smooth muscle (Nature 332 41 1 
(1988), FEBS Letters 221440 (1988) and Biochem. Biophys. Res. 
Commun. 154 868 (1988)). An agent which suppresses endothelin 

5 production or an agent which binds to endothelin or which Inhibits the 
binding of endothelin to an endothelin receptor will produce beneficial 
effects in a variety of therapeutic areas. In fact, an anti-endothelin 
antibody has been shown, upon intrarenal infusion, to ameliorate the 
adverse effects of renal ischemia on renal vascular resistance and 

10 glomerular filtration rate (Kon, et al M J. Clin. Invest 33 1762 (1989)). In 
addition, an anti-endothelin antibody attenuated the nephrotoxic effects 
of intravenously administered cyclosporin (Kon, et aL, Kidney Int 3Z 
1487 (1990)) and attenuated infarct size in a coronary artery ligation- 
induced myocardial infarction model (Watanabe, et al., Nature Ml 114 

15 (1990)). 

Disclosure of the Invention 

In accordance with the present invention there are compounds of 
the formula (I): 

20 



wherein m is 0, 1 or 2; 
25 X is -N(R2)-, -O- or -S-, wherein R2 is hydrogen, loweralkyl, arylalkyl or 

(heterocyclic)alkyl; 
Qis (1) RrA-N(B)- wherein 

A is -C(O)- or -S(0)2-I 

R1 is loweralkyl, cycloalkyl, cycloalkylalkyl, arylalkyl, aryl, 
30 alkoxy, arylalkoxy, cycloalkoxy, cycloalkylalkoxy, 




(I) 
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aryloxy, alkylamino, cycloalkylamino, arylamino, 
cycloalkylalkylamino, arylalkylamino, dialkylamino, 
diarylamino, (alkyl)cycloalkylamino, 
(alkyl)arylamino, (alkyl)cycloalkylalkylamino, 
5 (alkyl)arylalkylamino, heterocyclic, 

(heterocyclic)alkyl, (heterocyclic)amino, 
spirocarbocyclic or spiroheterocyclic; and 
B is hydrogen or loweralky!; or 

\ / X 

^2) V*™ wherein A is as defined above, R20 is 

10 loweralky I, cycloalkyl, cycloalkylalkyl, arylalkyl, aryl, 

heterocyclic, (heterocyclic)alkyl, spirocarbocyclic or 
spiroheterocyclic, and r is 2 to 4; 
E is loweralky! optionally substituted with one, two or three substituents 
independently selected from cyano, halo, hydroxy, alkoxy, amino, 
15 alkylamino, dialkylamino, thioalkoxy and azido; 

G is hydrogen or loweralky I; 
Ar is bicyclic aryl or bicyclic heteroaryl; and 
Y and Z are independently selected from the group consisting of 
(1) hydrogen; 
20 (2) loweralkyl; 

(3) loweralkyl substituted with one, two or three groups 

independently selected from cyano, hydroxy, alkoxy, 
amino, alkylamino, dialkylamino, azido, thioalkoxy, 
and halo; 
25 (4) cycloalkyl; 

(5) (cycloalkyl)alkyl; 

(6) aryl; 

(7) arylalkyl; 

(8) a radical of the formula -(CH 2 ) n -C(0)-W wherein W is 
30 OR10 wherein R10 is hydrogen or a carboxy 

protecting group, amino, alkylamino, dialkylamino, 
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hydroxyamino, N-hydroxyl-N-alkylamino or a 
naturally occurring a-amino acid wherein the 
amino acid is bonded through the a-amino group; 
(9) a radical of the formula -(CH2)rrV wherein V is 
5 (a) -S(0)2NHC(0)Rie wherein Ri6 is loweralkyl, haloalkyl, 

or phenyl, 

(b) -PO3H2, 

(c) -P(0)(OH)E wherein E is hydrogen, loweralkyl or 

arylalkyl, 
10 (d) -CN, 

(e) -C(0)NHRi7 wherein R17 is loweralkyl, 

(f) alkylaminocarbonyl, 

(g) dialky laminocarbony I, 

(h) tetrazolyl, 
15 (i) hydroxy, 

(j) alkoxy, 

(k) suKonamido, 

(I) -C(0)NHS(0)2Ri6 wherein R^ is defined as above, 
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NH 



(P) 



(q) 



■\-f K o 

K 

o 



(r) 



/ 
I 

H 
N 

CF 3 



(s) H ,or 



NHSO2CF3 

(I) ™ ; and 

(10) -(CH 2 ) n -NHS(0) 2 R6 wherein Re is loweralkyl or haloalkyl 
and wherein at each occurrence n as used above is 
independently selected from 0, 1 or 2; 
with the proviso that at least one of Y or 2 is a radical of the formula 
10 -(CH 2 )n-C(0)-W, -(CH 2 )n-V or -(CH 2 ) n -NHS(0) 2 R 6 wherein n, W 

and R6 are defined as above; 

or a pharmaceutical^ acceptable salt thereof. 
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A preferred embodiment of the present invention is a compound 
of formula (II): 



5 (H) 

wherein Q, E, Ar, G, Ar ? X, Y f Z and m are as defined above; 
or a pharmaceutical^ acceptable salt thereof. 

10 A preferred embodiment of the invention is a compound of 

formula (I) or (II) wherein 
Q is RrC(0)-N(B)s 
Y»s 

(1) hydrogen; 
15 (2) loweralkyl; 

(3) loweralkyl substituted with one, two or three substituents 

independently selected from the group consisting of 
cyano, hydroxy, alkoxy, amino, alkylamino, 
dialkylamino, thloalkoxy, and halo; 
20 (4) cycloalkyl; 

(5) (cycloalkyl)alkyl; 

(6) aryl; 

(7) arylalkyl or 

(8) a radical of the formula -(CH 2 )n-C(0)-W wherein W is 
25 -OR10 wherein Rio is hydrogen or a carfooxy 

protecting group; 
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Zis 

(1 ) a radical of the formula -(CH 2 ) n -C(0)-W wherein W Is 
-OR10 wherein Rio is hydrogen or a carboxy protecting 

* 

■ 

group, amino, alkylamino, dialkylamino, hydroxyamino, 
5 N-hydroxyl-N-alkylamino and a naturally occurring 

a-amino acid wherein the amino acid is bonded through 
the a-amino group; 

(2) -(CH 2 )n-(tetrazolyl) or 

(3) -(CH2)n-NHS(0)2R6 wherein R 6 is loweralkyl or haloalkyl 
10 and at each occurrence n as used above is 

independently selected from 0, 1 or 2; and 
Ri , E, Ar, B, G, m and X are as defined above; 
or a pharmaceutical^ acceptable salt thereof. 

15 Another preferred embodiment of the present invention is a 

compound of formula (I) or (II) wherein 
Q is R r C(0)-N(B)-; 
Yis 

(1 ) a radical of the formula -(CH 2 ) n -C(0)-W wherein W is 
20 -OR10 wherein Rio is hydrogen or a carboxy protecting 

group, amino, alkylamino, dialkylamino, hydroxyamino, 
N-hydroxyl-N-alkylamino and a naturally occurring 
a-amino add wherein the amino acid is bonded through 
the a-amino group; 
25 (2) -(CH 2 )n-(tetrazolyl) or 

(3) -(CH2)n-NHS(0)2R6 wherein R6 is loweralkyl or haloalkyl; 

Zis 

(1) hydrogen; 

(2) loweralkyl; 

30 (3) loweralkyl substituted with one, two or three substituents 

independently selected from the group consisting of 
cyano, hydroxy, alkoxy, amino, alkylamino, 
dialkylamino, thioalkoxy, and halo; 
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(4) cycloalkyl; 

(5) (cycloalkyl)alkyl; 

(6) aryl; 

(7) arylalkyl or 

5 (8) a radical of the formula -(CH 2 )rrC(0)-W wherein W is 

-OR10 wherein Rio is hydrogen or a carboxy 
protecting group; 

wherein at each occurrence n as used above is independently selected 
from 0, 1 or 2 and Ri, E, Ar, B, G, m and X are as defined above; 
10 or a pharmaceutical^ acceptable salt thereof. 

A more preferred embodiment of the present invention is a 
compound of formula (I) or (II) 
wherein 

15 Q is Ri-C(0)*N(B)- wherein Ri is loweralkyl, (alkyl)cycloalkylamino, 

cycloalkoxy, arylamino, (alkyl)arylamino, diarylamino, cycloalkyl, 
cycloalkylalkyl, arylalkyl, arylalkoxy, cycloalkylalkylamino, 
cycloalkylamino, alkoxy, arylalkylamino, dialkylamino, 
spiroheterocyclic or heterocyclic, and B is hydrogen or methyl; 

20 E is isobutyl; 
G is hydrogen; 




Ar is M wherein R is hydrogen or loweralkyl; 

Y is hydrogen, arylalkyl, haloalkyl, loweralkyl, aryl or cycloalkyl; 
2 is a radical of the formula -(CH2)rrCO-W, wherein W is -OR10* wherein 
25 Rio is hydrogen or a carboxy protecting group, alkylamino, 

hydroxyamino or a naturally occurring a-amino acid wherein the 
amino acid is bonded through the a-amino group or 
-(CH2)n-(tetrazolyl) wherein n as used above is 0 or 1 ; 
misOorl; and 
30 X is -N(R2)-, -O- or -S-, wherein R2 is hydrogen or loweralkyl; 
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or a pharmaceutical^ acceptable salt thereof. 

A yet more preferred embodiment is a compound of formula (I) or 
(li) wherein 

5 Q is Ri-C(0)-N(B)- wherein Ri is cycloalkylamino, arylamino, arylalkyl, 
spiroheterocyclic, heterocyclic, (alkyl)arylamino, cycloalkoxy, 
or (alkyl)cycloalkylamino and B is hydrogen or methyl; 

E is isobutyl; 

G is hydrogen; 

N 

10 Ar is R wherein R is hydrogen or methyl; 

X is -NH- or -O- ; 
m is 0; 

Y is loweralkyl; and 
Z is -C0 2 H; 

15 or a pharmaceutical^ acceptable salt thereof. 

The present invention also relates to processes for preparing the 
compounds of formula (I) and (II) and to the synthetic intermediates 
employed in these processes. 

20 

The present invention also relates to a method of antagonizing 
endothelin in a mammal in need of such treatment, comprising 
administering to the mammal a therapeutically effective amount of a 
compound of formula (I) or (II). 

25 

The invention further relates to endothelin antagonizing 
compositions comprising a pharmaceutical carrier and a therapeutically 
effective amount of a compound of formula (I) or (II). 
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The compounds of the invention comprise two or more 
asymmetrically substituted carbon atoms. As a result, all possible 
stereoisomers, including racemic mixtures, mixtures of diastereomers, 
as well as single diastereomers of the compounds of the invention are 
5 included in the present invention. The terms "S n and "FT configuration 
are as defined by the IUPAC 1974 Recommendations for Section E, 
Fundamental Stereochemistry, Pure Appl Chem. (1976) 45, 13 - 30. 

The terms "Gly", "Trp", "Val" and "Leu" as used herein refer to 
glycine, tryptophan, valine and leucine, respectively. In general, the 
10 amino acid abbreviations used herein follow the IUPAC-IUB Joint 
Commission on Biochemical Nomenclature for amino acids and 
peptides (Eur. J. Biochem. 1984, 15fi, 9-31). 

The term "naturally occuring amino acid" refers to an a-amino 
acid selected from the group consisting of alanine, arginine, asparagine, 
15 aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, 
isoleucine, leucine, lysine, methionine, ornithine, phenylalanine, 
proline, serine, threonine, tryptophan, tyrosine and valine. The 
stereochemistry at the asymmetric center can be of the D- or L- 
configuration. 

20 The term "N-protecting group" or "N-protected" as used herein refers to 

those groups intended to protect the N-terminus of an amino acid or peptide 
or to protect an amino group against undersirable reactions during synthetic 
procedures. Commonly used N-protecting groups are disclosed in Greene, 
"Protective Groups In Organic Synthesis," (John Wiley & Sons, New York 

25 (1981)), which is hereby incorporated by reference. N-protecting groups 
comprise acyl groups such as formyl, acetyl, propionyl, pivaloyl, 

* 

t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl, trifluoroacetyl, trichloroacetyl, 
phthalyl, o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4-chlorobenzoyl, 
4-bromobenzoyl, 4-nitrobenzoyl, and the like; sulfonyl groups such as 
30 benzenesulfonyl, p-toluenesulfonyl and the like; carbamate forming groups 
such as benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, 
p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, 
2-n itrobenzy loxycarbony I , p-bro mobe nzyloxycarbo ny I , 
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3,4-dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl, 
2,4-dimethoxybenzyloxycarbonyl, 4-methoxybenzyIoxycarbonyl, 
2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3,4,5-trimethoxybenzyloxycarbonyl, 
1 -(p-biphenylyl)-l -methylethoxycarbonyl, 
5 a,a-dimethyl-3,5-dimethoxyben2yloxycarbonyl, benzhydryloxycarbonyl, 
t-butyloxycarbonyl, diisopropyimethoxycarbonyl, isopropyloxycarbonyl, 
ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl, 
2,2,2,-trichloroethoxycarbonyl, phenoxycarbonyl, 
4-nitrophenoxycarbonyl, fluorenyl-9-methoxycarbonyl, 

10 cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl, 
phenytthiocarbonyl and the like; alkyl groups such as benzyl, 
triphenylmethyl, benzyloxymethyl and the like; and silyl groups such as 
trimethylsilyl and the like. Preferred N-protecting groups are formyl, 
acetyl, benzoyl, pivaloyl, t-butylacetyl, phenylsulfonyl, benzyl, 

15 t-butyloxycarbonyl (Boc) and benzyloxycarbonyl (Cbz). 

The term "carboxy protecting group" as used herein refers to a 
carboxylic add protecting ester group employed to block or protect the 
carboxylic acid functionality while the reactions involving other 
functional sites of the compound are carried out. Carboxy-protecting 

20 groups are disclosed in Greene, "Protective Groups in Organic 

Synthesis" pp. 152-186 (1981), which is hereby incorporated herein by 
reference. In addition, a carboxy-protecting group can be used as a 
prodrug whereby the carboxy-protecting group can be readily cleaved in 
vivo , for example by enzymatic hydrolysis, to release the biologically 

25 active parent. T. Higuchi and V. Stella provide a thorough discussion of 
the prodrug concept in "Pro-drugs as Novel Delivery Systems", Vol 14 of 
the A.C.S. Symposium Series, American Chemical Society (1 975), 
which is hereby incorporated herein by reference. Such carboxy- 
protecting groups are well known to those skilled in the art, having been 

30 extensively used in the protection of carboxyl groups in the penicillin 
and cephalosporin fields, as described in U.S. Pat. No. 3,840,556 and 
3,719,667, the disclosures of which are hereby incorporated herein by 
reference. Examples of esters useful as prodrugs for compounds 
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containing carboxyl groups can be found on pages 14-21 of 
"Bioreversible Carriers in Drug Design: Theory and Application", edited 
by E.B. Roche, Pergamon Press, New York (1987), which is hereby 
incorporated herein by reference. Representative carboxy-protecting - 
5 groups are Ci to Cs loweralkyl (e.g., methyl, ethyl or tertiary butyl and 
the like); benzyl and substituted derivatives thereof such as 
alkoxybenzyl or nitrobenzyl groups and the like; dialkylaminoalkyl (e.g., 
dimethylaminoethyl and the like); alkanoyloxyalkyl groups such as 
pivaloyloxymethyl or propionyloxymethyl and the like; aroyloxyalkyl, 

10 such as benzoyloxyethyl and the like; alkoxycarbonylalkyl, such as 
methoxycarbonylmethyl, cyclohexytoxycarbonylmethyl and the like; 
alkoxycarbonyloxyalkyl, such as t-buyloxycarbonyloxymethyl and the 
like; alkoxycarbonylaminoalkyl, such as t-butyloxycarbonylaminomethyl 
and the like; alkylaminocarbonylaminoalkyl, such as 

15 methylaminocarbonylaminomethyl and the like; alkanoylaminoalkyl, 
such as acetylaminomethyl and the like; heterocycliccarbonyloxyalkyl, 
such as 4-methylpiperazinylcarbonyloxy methyl and the like; 
dialkylaminocarbonylalkyl, such as dimethylaminocarbonylmethyl and 
the like; (5-(loweralkyl)-2-oxo-1,3-dioxolen-4-yl)aIkyl, such as (5-t-butyl- 

20 2-oxo-l ,3-dioxolen-4-yl)methyl and the like; and (5-phenyl-2-oxo-1 ,3- 
dioxolen-4-yl)alkyl, such as (5-phenyl-2-oxo-1,3-dioxolen-4-yl)methyl 
and the like. 

The terms "loweralkyl* or "alky!" as used herein refer to straight or 
branched chain alkyl radicals containing from 1 to 10 carbon atoms 
25 including, but not limited to, methyl, ethyl, n-propyl, Iso-propyl, n-butyl, 
iso-butyl, sec-butyl, t-butyl, n-pentyl, 1 -methylbutyl, 2,2-dimethylbutyl, 2- 
methylpentyt, 2,2-dimethylpropyl, n-hexyl and the like. 

The term "alkylamino* as used herein refers to R51NH- wherein 
R51 is a loweralkyl group, for example, ethylamino, butylamino, and the 
30 like. 

The term "alkylaminocarbonyP as used herein refers to an 
alkylamino group, as previously defined, appended to the parent 
molecular moiety through a carbonyl (-C(O)-) linkage. Examples of 
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alkylaminocarbonyl include methylaminocarbonyl, ethylaminocarbonyl, 
isopropylaminocarbonyl and the like. 

The term "atkylaminocarbonylaminoalkyP as used herein refers to 
R90-C(O)-NH-R9i- wherein R90 is an alkylamino group and R91 is an 
5 alkylene group. Examples of alkylaminocarbonylaminoalkyl include 
methylaminocarbonylaminomethyl, ethylaminocarbonylaminomethyl 
and the like. 

The term "dialkylamino" as used herein refers to R56R57N- 
wherein R56 and R57 are independently selected from loweralkyl, for 
10 example diethylamino, methyl propylamine, and the like. 

The term "dialkylaminoalkyl" as used herein refers to 
R71R72N-R73- wherein R71 and R72 are independently selected from 
loweralkyl and R73 is an alkylene group. Examples of dialkylaminoalkyl 
include dimethylaminomethyl, dimethylaminoethyl, N-ethyl-N- 
15 methylaminomethyi, and the like. 

The term "dialkylaminocarbonyP as used herein refers to a 
dialkylamino group, as previously defined, appended to the parent 
molecular moiety through a carbonyl (-C(O)-) linkage. Examples of 
dialkylamlnocarbonyl include dimethylaminocarbonyl, 
20 diethylaminocarbonyl and the like. 

The term "dialkylaminocarbonylalkyl" as used herein refers to 
Rioo-C(0)-Rior wherein R100 is a dialkylamino group and R101 is an 
alkylene group, for example, dimethylaminocarbonylmethyl and the like. 

The term "(alkyl)arylamino" as used herein refers to R60R61N- 
25 wherein R60 is an aryl group and R61 is a loweralkyl group. 

The term "(alkyl)arylalkylamino" as used herein refers to 
R64R65N- wherein R64 is an arylalkyl group and R65 is a loweralkyl 
group. 

The term "(alkyl)cycloalkylamino" as used herein refers to 
30 R58R59N- wherein R58 is a cycloalkyl group and R59 is a loweralkyl 
group. 
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The term "(alkyl)cycloalkylalkylamino' as used herein refers to 
R62R63N- wherein R62 is an cycloalkylalkyl group and R63 is a 
loweraikyl group. 

The term "alkanoylaminoalkyf as used herein refers to 
5 R93-NH-R94- wherein R93 is an alkanoyl group and R94 is an alkylene 
group. Examples of alkanoylaminoaikyl include acetylaminomethyl, 
acetylaminoethyl and the like. 

The term "alkanoyloxyalkyP as used herein refers to R74-O-R75- 
wherein R74 is an alkanoyl group and R75 is an alkylene group. 
10 Examples of alkanoyloxyalkyl include acetoxy methyl, acetoxyethyl and 
the like. 

The term "alkoxy - as used herein refers to R41O- wherein R41 is a 
loweraikyl group, as defined above. Examples of alkoxy include, but are 
not limited to, ethoxy, tert-butoxy, and the like. 

15 The term "alkoxyalkoxy" as used herein refers to RsoO-RsiO- 

wherein Rao is loweraikyl as defined above and R81 is alkylene 
wherein alkylene is -(CH2)n w wherein n* is an integer from 1 to 6. 
Representative examples of alkoxyalkoxy groups include 
methoxymethoxy, ethoxymethoxy, t-butoxymethoxy and the like. 

20 The term "alkoxycarbonyl" as used herein refers to an alkoxyl 

group as previously defined appended to the parent molecular moiety 
through a carbonyl group. Examples of alkoxycarbonyl include 
methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyi and the like. 
The term "alkoxycarbonylaminoalkyl" as used herein refers to 

25 R88-C(0)-NH-R89- wherein Rss is an alkoxy group and Rs9 is an 
alkylene group. 

The term "alkoxycarbonylalkyl" as used herein refers to 
R84-C(0)-R85~ wherein Rs4 is an alkoxy group and Rss is an alkylene 
group. Examples of alkoxycarbonylalkyl include 

30 methoxycarbohylmethyl, methoxcarbonylethyl, ethoxycarbonylmethyl 
and the like. 
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The term "alkoxycarbonyloxyalkyl" as used herein refers to 
R86-C(0)-0-R87- wherein Rse is an alkoxy group and Rs7 is an alkylene 
group. Examples of alkoxycarbonyioxyalkyl include tert- 
butyloxycarbonylmethyl, tert-butyloxycarbonylethyl, and the like. 
5 The term "alkylene" denotes a divalent group derived from a 

straight or branched chain saturated hydrocarbon having from 1 to 10 
carbon atoms by the removal of two hydrogen atoms, for example 
methylene, 1 ,2-ethylene, 1,1 -ethylene, 1 ,3-propylene, 2,2- 
dimethylpropylene, and the like. 

10 The term "aryl" as used herein refers to a mono- or bicyclic 

carbocyclic ring system having one or more aromatic rings including, but 
not limited to, phenyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl and 
the like. The term "bicyclic aryl" as used herein includes naphthyl, 
tetrahydronaphthyl, indanyl, indenyl and the like. Aryl groups (including 

15 bicyclic aryl groups) can be unsubstituted or substituted with one, two or 
three substituents independently selected from loweralkyl, haloalkyl, 
alkoxy, thioalkoxy, amino, alkylamino, dialkylamino, hydroxy, halo, 
mercapto, nitro, carboxaldehyde, carboxy, alkoxycarbonyl and 
carboxamide. In addition, substituted aryl groups include 

20 tetrafluorophenyl and pentafluorophenyl. 

The term "arylalkoxy" as used herein refers to R42O- wherein R42 
is an arylalkyi group, for example, benzyloxy, and the like. 

The term "arylalkyi" as used herein refers to an aryl group as 
previously defined, appended to a loweralkyl radical, for example, 

25 benzyl and the like. 

The term "arylalkylamino" as used herein refers to R55NH- 
wherein R55 is an arylalkyi group, for example benzylamino and the like. 

The term "arylamino" as used herein refers to R53NH- wherein 
R53 is an aryl group, for example, anilino, and the like. 

30 The term "aryloxy" as used herein refers to R45O- wherein R45 is 

an aryl group, for example, phenoxy, and the like. 
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The term "aroyloxyalkyl" as used herein refers to Rs2-C(0)-0-R83- 
wherein Rs2 is an aryl group and Rs3 is an alkylene group. Examples of 
aroyloxyalkyl include benzoyloxymethyl, benzoyloxyethyl and the like. 

The term "cycloalkyl" as used herein refers to an aliphatic ring 
5 system having 3 to 10 carbon atoms and 1 to 3 rings including, but not 
limited to, cyclopropyl, cyclopentyl, cyclohexyl, norbomyl, adamantyl, 
and the like. Cycloalkyl groups can be unsubstituted or substituted with 
one, two or three substituents independently selected from loweralkyl, 
haloalkyl, alkoxy, thioalkoxy, amino, alkylamino, diaikylamino, hydroxy, 
10 halo, mercapto, nitro, carboxaldehyde, carboxy, alkoxycarbonyl and 
carboxamide. 

The term "cycloaikylalkyl" as used herein refers to a cycloalkyl 
group appended to a loweralkyl radical, including but not limited to 
cyclohexylmethyL 

15 The term "cycloalkoxy" as used herein refers to R43O wherein 

R43 is a cycloalkyl group, for example, cyclohexyloxy , and the like. 

The term "cycloalkylalkoxy" as used herein refers to R44O- 
wherein R44 is a cycloaikylalkyl group, for example, cyclohexylmethoxy, 
and the like. 

20 The term "cycloalkylamino" as used herein refers to R52NH- 

wherein R52 is a cycloalkyl group, for example, cyclohexylamino, and 
the like. 

The term "cycJoalkylalkylamino" as used herein refers to R54NH- 
wherein R54 is a cycloaikylalkyl group, for example, 
25 cydohexylmethyiamino, and the like. 

The term "diarylamino" as used herein refers to R30R31N- 
wherein R30 and R31 are independently selected from aryl as defined 
above. 

The term "halogen" or "halo" as used herein refers to I, Br, CI or F. 
30 The term "haloalkyl" as used herein refers to a lower alkyl radical, 

as defined above, bearing at least one halogen substituent, for example, 
chloromethyl, fluoroethyl or trifluoromethyl and the like. 
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The terms "heterocyclic ring" or "heterocyclic" or "heterocycle" as 
used herein refers to any 3- or 4-membered ring containing a 
heteroatom selected from oxygen, nitrogen and sulfur; or a 5-, 6- or 7- 
membered ring containing one, two or three nitrogen atoms; one 
5 nitrogen and one sulfur atom; or one nitrogen and one oxygen atom. 
The 5-membered ring has 0-2 double bonds and the 6- and 7- 
membered ring have 0*3 double bonds. The nitrogen heteroatoms can 
be optionally quatemized. The term "heterocyclic" also includes bicyclic 
groups in which any of the above heterocyclic rings is fused to a 

10 benzene ring or a cyclohexane ring or another heterocyclic ring (for 
example, indolyl, quinolyl, isoquinolyl, tetrahydroquinolyl, 
decahydroquinolyl, benzofuryl or benzothienyl, imidazopyridyl, 
pyrrolopyridyl and the like). The term "heterocyclic" also includes 
tricyclic groups in which any of the above heterocyclic rings is fused to 

15 two benzene rings or two cyclohexane rings or two other heterocyclic 
rings (for example, carbazolyl, iminodibenzyl and the like). 
Heterocyclics include: azetidinyl, benzimidazolyl, 1 ,4-benzodioxanyl, 
1 ,3-benzodioxolyl, benzoxazolyl, benzothiazolyl, benzothienyl, 
carbazolyl, dihydropyranyl, dihydrofuranyl, dioxanyl, dioxolanyl, furyl, 

20 homopiperidinyl, imidazolyl, imidazolinyl, imidazolidinyl, imidazopyridyl, 
iminodibenzyl, indolinyl, indolyl, isoquinolinyl, isothiazolidinyl, 
isothiazolyl, isoxazolidinyl, isoxazolyl, morpholinyl, naphthyridinyl, 
oxazolidinyl, oxazolyl, piperazinyl, piperidinyl, pyranyl, pyrazinyl, 
pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, 

25 pyrrolidinyl, pyrrolindinylpyridyl, pyrrolinyl, pyrrolopyridyl, pyrrolyl, 
quinolinyl, tetrahydrofuranyl, tetrahydropyranyl, thiazolidinyl, thiazolyl, 
and thienyl. 

Heterocyclics can be unsubstituted or monosubstituted or 

• * 

disubstituted with substituents independently selected from hydroxy, 
30 halo, oxo (=0), alkylimino (R*N= wherein R* is a loweralkyl group), 
amino, alkylamino, dialkylamino, alkoxy, alkoxyalkoxy, haloalkyl, 
cycloalkyl, aryl, arytalkyl, -COOH, -SO3H and loweralkyl. In addition, 
nitrogen containing heterocycles can be N-protected. 



11/28/06, EAST Version: 2.1.0.14 



WO 95/08550 



PCT/DS94/10M9 



-18- 

The term "(heterocyclic)alkyr as used herein refers to a 
heterocyclic group as defined above appended to a ioweralkyl radical 
as defined above. 

The term "(heterocyclic)amino - as used herein refers to R35NH- 
5 wherein R35 is a heterocyclic group. Examples of (heterocydic)amino 
include 4-pyridylamino, 3-pyridylamino, 2-pyridylamino and the like. 

The term "heterocycliccarbonyloxyalkyr as used herein refers to 
R96-C(0)-0-R97- wherein R96 is a heterocyclic group and R97 is an 
alkyiene group, for example, 4-methylpiperazinylcarbonyloxymethyl and 
10 the like. 

The term "bicyclic heteroaryr as used herein refers to a 
monocyclic heterocycle as defined above to which is fused a benzene 
ring, a cyclohexane ring or a monocyclic heterocycle as defined above, 
with the proviso that at least one of the rings of the bicyclic group is 

15 aromatic. Examples of bicyclic heteroaryl include indolyl, indolinyl, 
quinolyl, isoquinolyl, tetrahydroquinolyl, benzofuryl 9 benzothienyl and 
the like. Bicyclic heteroaryl groups can be unsubstituted or 
monosubstituted or disubstituted with substituents independently 
selected from hydroxy, halo, oxo («0), alkylimino (R*N= wherein R* is a 

20 Ioweralkyl group), amino, alkylamino, dialkylamino, alkoxy, 

alkoxyalkoxy, haloalkyl, cycloalkyl, aryl, arylalkyl, -CHO, -COOH, -SO3H 
and Ioweralkyl. In addition, nitrogen containing heterocycles can be N- 
protected. 

The term "spirocarbocyciic* or "spirocarbocycle" as used herein 
25 refers to a bicyclic hydrocarbon in which the ring pair has just one 
carbon-atom in common, which is designated the "spiro atom". 
Spirocarbocyciic compounds can be unsubstituted or substituted with 
one, two or three groups selected from Ioweralkyl, hydroxy, alkoxy, halo, 
haloalkyl and carboxy. Examples of spirocarbocycles include 
30 spiropentane, spirohexane, spiro[4.4]nonane and the like. 
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The term "spiroheterocyclic" or "spiroheterocycle" as used herein 
refers to a tricyclic spirocydic ring system containing carbon atoms and 
at least one heteroatom selected from oxygen, nitrogen and sulfur. 
Examples of spiroheterocycles include 1-oxa-4-azaspiro[5.4]decane, 
1 ,4-diaza[5.4]decane and the like. Spiroheterocyclics can be 
substituted in the same way as defined above for heterocyclics. 

The term letrazolyP as used herein refers to a radical of the 
formula 



w or a tautomer thereof. 
The term "thioalkoxy" as used herein refers to R70S- wherein R70 
is loweralkyl. Examples of thioalkoxy include, but are not limited to, 
methylthio, ethylthio and the like. 

Representative compounds of the invention include: 

2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyQ-5-methyl-imidazole-4-carboxylic acid; 
2-{(1R)-1-[N-(Homopiperidin-1-ylcarbonyl)-Leucyl-amino]-2-(1-methyl- 

indol-3-yl)ethyl}-5-methyHmidazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Homopiperidin-1-ylcarbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-phenyHmidazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Homopiperidin-1-ylcarbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyt}-5-benzyMmidazole-4-carboxylic add; 
2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-ethyl-imidazole-4-carboxylic acid; 
2-{(1R)-1-[N-(Homopiperidin-1-ylcarbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-propyl-imidazole-4-carboxylic acid; 
2-{(1 R)-t -[N-(Homopiperidin-1 -ylcarbonyl)-Leucyl-amino]-2-(indol-3- 

■ 

yl)ethyl}-5-isopropyl-imidazole-4-carboxylic acid; 
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2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbony l)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-cycIopropyWmidazol8-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Homopiperidjrv1-ylrarbonyl)-Leucyi-amino]-2-(indo!-3- 

yl)ethyl}-5-methy Hmidazole-4-carboxylic acid ethyl ester; 
2-{(1 R)-1-[N-(N-Homopiperidin-1-ylcarbonyl-N-methyl-Leucyl)-amino]-2- 

(indol-3-yl)ethyl}-5-methyHmida2ole-4-c^rboxylic acid; 
1 f 5-Dimethyl-2-{(1 R)-1-[N-(homopiperidin-1-ylcarbonyl)-Leucyl-amino]- 

2-(indol-3-yl)ethyl}-imidazole-4-carboxylic add; 
1 -Benzyl-2-{(1 R)-1 -[N-(homopiperidin-1 -ylcarbonyl)-Leucyl-amino]-2- 

(indol*3-yl)ethyl}-5-methyl-imidazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Cyclohexylaminoc^rbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-methyl-imidazole-4-carboxylic add; 
2-{(1 R)-1 -[N-(4-Methoxymethoxypiperidin-1 -ylcarbonyl)-Leucyl-aminoJ- 

2-(indol-3-yl)ethyl}-5-methyi-imidazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Homopiperidin-1 -ylsulfonyl)-Leucyl-amino]-2-(indot-3- 

yI)ethyl}-5-methyl-imidazole-4-carboxyIic add; 
2-{(1R)-1-[N-Boc-Leuc7l-amino]-2^^ 

4- carboxyIic add; 

2-{(1R)-1-[N-(Ben2ylaminorarbonyl)-Leucyl-amino]-2-(indoi-3-yl)ethyl}- 

5- methyHmidazole-4-cart>oxylic acid; 

2-{(1 R)-1 -[N-(Phenylacetyl)-LeucyI-amino]-2-(indol-3-y l)ethyl}-5-methyl- 

imidazole-4-carboxylic add; 
2-{(1 R)-1 -[N-(1 -Naphthylcarbony!)-Leucyl-amino]-2-(indo1-3-yl)ethyl}-5- 

methyl-imidazole-4-carboxylic acid; 
2-{(1R)-1-[N-(Cyclohexylacetyl)-Leucyl-amino]-2-(indol-3-yl)ethyl}-5- 

methyl-imidazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Cydoheptylcarbonyl)-Leucyhamino>2-(indol-3-yl)ethyl}-5- 

methyl-imidazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Norborn-2-ylacety IKeucyl-amino]-2-(indol-3-yl)ethyl}-5- 

methyi-imidazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(4-Methoxyphenylacetyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-methyl-imidazole-4-carboxylic 
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2-{(1R)-1-[N-(3,3-Dimethylbu^ 

methyl-imidazole-4-carboxylic acid; 
2-{(1 R)-1 -IN-(2-Propylvalery!)-LeucyJ-amino]-2-(indol-3-yl)ethyI}-5- 

methyl-imidazole-4-carboxyiic acid; 
5 2-{(1R)-1-[N-(3-Pyridylrarbonyl)-Uucyl-aminoh2-(indol-^ 

methyl-imidazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Cyclohexylaminocarbonyl)-Leucyl-amino]-2-(1 -methyl-i 

ndo!-3-yl)ethyl]-5-methyl-imidazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(encfo-2-Norborny laminocarbony l)-Leucyl-amino]-2-(1 - 
10 methyWndol-3-yI)ethyl}-5-methyl-imida2ole-4-carboxylic acid; 

2-{(1 R)-1-[N-(exo-2-Norbomylaminocarbonyl)-Leucyl-amino]-2-(1 - 

methyHndol-3-yl)ethyI}-5-methyl-imida2ole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(//ans«4-Hydroxycyclohexylaminocarbonyl)-Leucyl-amino]- 

2- (1-methyWndol-3-yl)ethyO-5-methyl-imidazole-4-carboxylic 
15 acid; 

2-{(1 R)-1 -[N-(2-MethyIcyclohexylaminocarbonyl)-Leucyl-amino]-2-(1 - 

methyl-inctol-3-yl)0thyO-5-rnethyl-imida2Ole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(3-MethyIcyclohexylaminocarbony l)-Leucyl-amino]-2-(1 - 

methyl-indol-3-yI)ethyn-5-methyl-imidazole-4-carboxylic acid; 
20 2-{(1 R)-1 -[N-(4-Methy lcycIohexylaminocarbonyl)-Leucyl-amino]-2-(1 - 

methyl-indol-3-yl)ethyl]-5-methyl-imidazole-4-carboxylic acid; 
2-{(1 R)-1 -[(N-Cyclopentylaminocarbonyl)-LeucyI-amino]-2-(1 -methyl-i 

ndol-3-yl)ethyl]-5-methyl-imida2ole-4-carboxylic acid; 
2-{(1 R)-1 -[(N-Cydoheptylaminocarbonyl)-Leucyl-amino]-2-(1 -methyl- 
25 indol-3-yl)ethyl]-5-methyl-imida2ole-4-carboxylic acid; 

2-{(1 R)-1 -[N-(N-Cyclohexyl-N-methylaminocarbonyl)-Leucyl-amino]-2- 

(1 -methyl-indol-3-yl)ethyq-5-methyl-imida2ole-4-carboxylic acid; 
2-{(1 R)-1-[(N-Cyclohexylaminocarbonyl)-Leucyl-amino]-2-(1 -ethyl-indol- 

3- yl)ethylJ-5-methyl-imida2ole-4-carboxylic add; 

30 2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbonyl)-Leucyl-aminol-2-(indol-3- 

yI)ethyl}-imidazole-4,5-dicarboxylic acid; 
2-{2R-[N-(Homopiperidin-1-ylcarbonyl)-Leucyl-amino]-3-(indol-3- 
yl)propyQ-5-methyl-imidazole-4-carboxylic acid; 
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2-{(1 R)-1 -(N-(N-(Homopiperidin-1 -ylcarbony l)-Leucy l)-N-methylamino]- 

2- (1-methyl-indol-3-yl)ethyl}-5-methy^ 
acid; 

2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcart>onyl)-Leucyl-amino]-2-(1 -methyl- 
5 indol-3-yl)ethyl}-imidazole-4^carboxylic acid; 

2-{(1 R)-1 -[N-(Cyclohexyloxycarbonyl)-Leucyl-amino]-2-(1 -methyl-indol- 

3- y I) et hy !}-5-m et hy W midazole-4-carboxy li c acid ; 

2-{(1 R)-1 -[N-(Phenylaminocarbonyl)-Leucyl-aminol-2-(1 -methyl-indol-3- 
yl)ethyl}-5-methyl-imidazole-4-carboxylic acid; 
10 2-{(1 R)-1 -[N-(N-Cyclohexylaminocart)onyl-N-methyl-Leucyl)-amino]-2- 

(1 -methyl-indol-3-yl)GthyO-5-methyl-imida2ole-4-carboxyIic acid; 
2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-methyl-thiazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbony l)-Leucyl-amino]-2-(indol-3- 
15 yl)ethyl}-5-ethykhiazole-4-carboxylic add; 

2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbony l)-Leucyl-amino]-2-(indol-3- 

y l)et hy l}-5-propy l-thiazole-4-carboxy lie add ; 
2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbony l)-Leucyl-amino]-2-(indol-3- 
yl)ethyl}-5-trifluoromethyl-thiazole-4-carboxylic add; 
20 2-{(1 R)-1 -[N-(Homopiperidin-1 -y lcarbonyl)-Leucy l-amino]-2-(indol-3- 

yl)ethyl}-5-isopropyl-thiazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcart>onyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-cyclopropyHhiazole-4-carboxylic add; 
2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbonyl)-Leucyl-amino]-2-(indol-3- 
25 yl)ethyl}-5-phenyl-thia2ole-4-carboxylic add; 

2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-benzyMhiazole-4-carboxylic add; 
2-{2R-[N-(Homoptperidin-1-ylcart)onyl)-Leucyl-amino]-3-(indol-3^ 
yl)propyl}-5-methyl-thiazole-4-carboxylic add; 
30 2-{(1R)-1-[N-(Homopiperidin-1-ylcarbonyl)-Leucyl-amino]-2-(1- 

methyl-indol-3-yl)ethyl}-thiazole-4-carboxylic acid; 
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2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbonyl)-Leucyl-amino]-2-(1 - 

methyl-indol-3-yl)ethyl}-4-trifIuoromethyMhiazole-5<^art)oxylic 
acid; 

2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbony l)-Leucy l-amino]-2-(1 - 
5 m0thyMndol-3-yl)ethylHhiazole-5-carboxylic acid; 

2-{(1 R)-1-[N-(Homopiperidin-1-ylcarbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1-[(Cyctohexylaminocarbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-methyl-oxazole-4-carboxyfic acid; 
10 2-{(1 R)-1 -[(4-Methoxymethoxypiperidin-1 -ylcarbonyl)-Leucyl-amino)-2- 

(indol-3-yl)ethyI}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Homopiperidin-1 -ylsulfonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-methyk>xazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Homopiperidin-1 -y Icarbonyl)-Leucyl-amino]-2-(indol-3- 
15 yl)ethyl}-5-phenyl-oxazole-4-carboxylic add; 

2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbony l)-Leucyl-ami noJ-2-(indol-3- 

yl)ethyl}-5-ben2yl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-ethyl-oxazole-4-carboxylic add; 
20 2-{(1R)-1-[N-(Homopiperidin-1-ylcarbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-propyl-oxazole-4-carboxylic add; 
2-{(1 R)-1-[N-(Homopiperidin-1-ylcarbonyl)-Leucyl-amino]-2-(indol-3- 

y l)ethyl}-5-cyclopropy l-oxazole-4-carboxy lie acid ; 
2-{(1 R)-1 -[N-(Homopiperidin-1-ylcarbonyl)-Leucyl-amino]-2-(indoh3- 
25 yl)ethyl}-5-isopropyl-oxazole-4-carboxylic add; 

2-{(1 R)-1 -[N-(N-Homopiperidin-1 -ylcarbonyl-N-methyl-Leucyl)-amino]- 

2-(indol-3-yl)ethyl}-5-methyl-oxa2ole-4-carboxylic add; 
2-{(1 R)-1 -[N-(Homopiperidin-1 -y lcarbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-methyk)xa20le-4-carboxylic acid ethyl ester; 
30 2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbonyl)-Leucyl-amino]-2-(indoI-3- 

yl)ethy l}-5-methy l-oxazole-4-(N-hyd roxy )carboxamide ; 
2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbonyl)-Leucy l-amino]-2-(indol-3- 

yl)ethyl}-5-methyl-oxazole-4-(N-methyl)carboxamide; 
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2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-methyl-oxazole-4-(N-carboxymethyl)carboxarnide; 
2-{(1 R)-1-[N-(Homopiperidin-1-ylcarbonyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-methyf-oxazole-4-ac6tic acid; 
2-{2R-[N-(Homopiperidin-1-ylcarbonyl)-Leucyl-amino]-3-(indol-3- 

yl)propyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbonyl)-Leucyl-amino]-2-(1 -methyl- 

indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1R)-1-[(N-Boc-Leucyl)-amino]-2-(indol-3-yl)ethyl}-5-methyl-oxa20le- 

4- carboxylic acid: 
2-{(1 R)-1-[N-Phenylacetyl-Le^ 

oxazole-4-carboxylic add; 
2-{(1 R)-1 -[N-(Benzylaminocarbonyl)-Leucyl*amino]-2-(indol-3-yl)ethyl}- 

5- methyt-oxazole-4-carboxylic add; 

2-{(1 R)-1 -[N-(Benzenesulfonyl)-L6ucyl-amino]-2-(indol-3-yi)ethyl}-5- 

methyl-oxazole-4-carboxylic add; 
2-{(1R)-1-[N-(N,N-Diethylaminocart)onyl)-Leucyl-amino]-2-(indol-3- 

yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Cyclohexylacetyl)-Leucyl-amino]-2-(indo!-3-yl)ethy l}-5- 

methyl-oxazole-4-carboxylic add; 
2-{(1 R)-1 -[N-(2-Propylvaleryl)-Leucyl-amino]-2-(indol-3-yl)ethyl}-5- 

methyi-oxazole-4-carboxyiic acid; 
2-{(1 R)-1-[N-(33-Dimethylbutyiy^ 

methyl-oxazoIe-4-carboxylic add; 
2-{(1R)-1-[N-(Cydoheptylrarbo^ 

methyl-oxazole-4-carboxylic add; 
2-{(1 R)-1 -[N-(Nort>om-2-ylac8tyl)-Leucyl-aminoJ-2-(indol-3-yl)ethyl}-^ 

methyl-oxazole-4-carboxylic add; 
2-{(1 R)-1 -[N-(4-Methoxyphenylacetyl)-Leucyl-amino]-2-(indol-3- 

yt)ethyl}-5-methyl-oxazole-4-carfooxyIic acid; 

2-{(1 R)-1 -[(N-Cbz-LeucylH 
4-carboxylic add; 
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2-{(1 R)-1-[N-(Homopiperidin-1 -ylcarbpnyl)-Leucyl-amino]-2-(1 -methyl- 

indol-3-yl)ethyl)-4-trifluoromethyl-oxazote-5-carboxylic acid; 
2-{(1 R)-1-[N-(Homopiperidin-1-ylcarbonyl)-Leucyl-amino]-2-(1 -methyl- 

indol-3-yl)ethyl}-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Homopiperidin-1 -ylcarbonyl)-Leucyl-amino]-2-(1 -methyl- 

indol-3-yl)ethyl}-oxazole-5-carfooxylic acid; 
2-{(1 R)-1 -[N-(exo-2-Norborny laminocarbony l)-Leucy l-amin o]-2-(1 - 

methyl-indol-3-yl)ethyl}-5-methyl-oxa2ole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(endo-2-Norbomylaminocarbonyl)-Leucyl-amino]-2-(1 - 

methyl-indol-3-yl)ethyI}-5-methyl-oxa2ole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(N-Cyclohexylaminocarbonyl)-Leucyl-amino]-2-(1 -methyl- 

indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(N-Methyl-N-cyclohexylaminocarbonyl)-Leucyl-amino]-2- 

(1 -methyMndol*3*yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(N-Ethyl-N-cyclohexylaminocarbonyl)-Leucyl-amino]-2-(1 - 

methyl-indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(N-Propyl-N-cyclohexylaminocarbonyl)-Leucyl-amino]-2-(1 - 

methyMndol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(trans-4-Hydroxycyclohexylaminocarbonyl)-Leucyl-amino]- 

2-(1 -methyl-indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(2-Methylcyclohexylaminocarbonyl)-Leucyl-amino]-2-(1 - 

methyl-indol-3-yl)ethyl}-5-methyl-oxazol9-4-carboxylic acid; 
2-{(1 R)-1 -[N-(3-Methylcyclohexylaminocarbonyl)-Leucyl-aminoJ-2-(1 - 

methyl-indol-3-yl)ethyl)-5-methyl-oxazole-4-carboxylic add; 
2-{(1 R)-t -[N-(4-Methylcyclohexylaminocarbonyl)-Leucyl-amino]-2-(1 - 

methyl-indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Cyclopentylaminocarbonyl)-Leucyl-amino]-2-(1 -methyl- 

indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Cycloheptylaminocarbonyl)-Leucyl-amino]-2-(1 -methyl- 

indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(1 -Piperidiny lcarbonyl)-Leucyl-amino]-2-(1 -methyl-indol-3- 

yl)ethyl}-5-methyl-oxa2ole-4-carboxylic acid; 
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2-{(1R)-1-lN-(4-Morpholinylcarbonyl)-Leucyl-amino]-2-(1-methyl-indol- 

3-yl)ethyl}-5-methyl-oxa2ole-4-carboxylic acid; 
2-{(l R)-1 -JN-(1 -Carbomethoxycyclohexylaminocarbonyl)-Leucyl-amino]- 

2-(1 -methyWndol-3-yl)ethyI}-5-inethyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1-[N-(1 ,2,3.4-TetrahydronaphthyM -aminocarbonyl)-Leucyl- 

amino]-2-(1-methyl-indol-3-yl)ethyl}-5-methyl-oxa2ole-4- 

carboxyiic acid; 

2-{(1 R)-l-IN-(1-Adamantylaminocarbonyl)-Leucyl-aminoJ-2-(1-methyl- 
indol-3-yl)ethyi}-5-methyl-oxazole-4-carboxylic acid; 

2-{(1 R)-1 -[N-(2-Adamantylaminocarbonyl)-Leucyl-aminoJ-2-(1 -methyl- 
indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxy lie acid ; 

2-{(1 R)-1-[N-(1 -oxa-4-azaspiro[5.4Jdecano-4-carbonyl)-Leucyl-amino]- 

2- (1 -methyl-indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1R)-1-[N-(1-lndolinylcarbonyl)-Leucyl-amino]-2-(1-m©thyl-indol-3- 

yl)ethyl}-5-methyl-oxa20le-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Decahydroquinolin-1 -ylcarbonyl)-Leucyl-aminoJ-2-(1 - 

methyl-indol-3-yl)ethyi}-5-methyl-oxazote-4-carboxylic acid; 
2-{(1 R)-1-[N-(1 ,2,3,4-Tetrahydroquinolin-1-ylcarbonyl)-LGUcyl-amino]-2- 

(1 -methyHndol-3-yl)ethyl}-5-methyi-oxazole-4-carboxy lie acid ; 
2-{(1 R)-1 -IN-(N-Cyclohexylaminocarbonyl)-Leucyl-aminoJ-2-(1 -ethyl- 

indol-3-yl)ethy l}-5-methy l-oxazo le-4-carboxy lie acid ; 
2-{(1 R)-l-[N-(N-Cyclohexylaminocarbonyl)-Leucyl-amino]-2-(1 -propyl- 

indol-3-yl)ethyl}-5-methyl-oxa2ole-4-carboxylic acid ; 
2-{(1 R)-1-[N-(N-Methyl-N-phenylaminocarbonyl)-Leucyl-amino]-2-(1 - 

methyl-indol-3-yl)ethyl]-5-methyl-oxazole-4-cart)Oxylic acid; 
2-{(1 R)-1 -{N-(2-Py ricy laminocarbonyl)-Leucyl-amino)-2-(1 -methyl-indol- 

3- y l)ethyl}-5-methyl-oxa2ole-4-carboxylic acid; (Ex 1 1 5) 
2-{(1 R)-1 *{N-(3-Pyridylaminocarbony l)-Leucyl-aminol-2-(1 -methyl-indol- 

3-yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(Pentafluorophenylaminocarbonyl)-Leucy l-amino]-2-(1 - 

methyl-indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(2-Hydroxyphenylaminocarbonyl)-Leucyl-amino]-2-(1 - 

methyl-indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
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2-{(1 R)-1 -[N-(CycIohexyloxycarbonyl)-Leucy l-amino]-2-(1 -methyl-indol- 

3-yI)ethyI}-5-methyl-oxazole-4-carboxyIic acid; 
2-{(1 R)-1 -[N-(N-Cyclohexyl-N-methylaminocarbonyl)-Cyclohexylalanyl- 

aminoJ-2-( 1 -methy Mndol-3-y l)et hy l}-5-methyI-oxazole-4- 

carboxyfic add; 

2-{(1 R)-1 -[N-(N-(Homopiperidin-1 -ylcarbonyl)-Leucyl)-N-methylamino]- 

2- (1 -methy Hndol-3-yl)ethyl}-5-methyl-oxa2ole-4-carboxy lie acid; 
2-{(1 R)-1 -[N-(N-Cyclohexylaminocarbonyl-N-methyl-Leucyl)-aminoh2- 

(1 -methy Wndol-3-yl)ethyl]-5-methyl-oxa2oIe-4-carboxy lie acid; 
2-{(1 R)-1 -[(2R)-2-(3-Cyclohexyl-2-imida2olidone-1 -yl)-4- 

methylvaleramido]-2-(1-methyl-indol-3-yl)ethyI}-5-methyl- 

oxazole-4-carboxylic acid; 
2-{(1 R)-1 -[N-(1 -Methylcyclohexylaminocarbonyl)-Leucyl-amino]-2-(1 - 

methyl-indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic add; 
2-{(1 R)-1 -[N-(Phenylaminocarbonyl)-Leucyl-amino]-2-(1 -methyl-indol-3- 

yl)ethyl]-5-methyl-oxazole-4-carboxylic add; 
2-{(1 R)-1 -[N-(3-Fluorophenylamtnocarbonyl)-Leucyl-amino]-2-(1 - 

methyl-indol-3-yl)ethyl]-5-methyl-oxa2ole-4-carboxylic add; 
2-{(1 R)-1-[N-(N,N-Diphenylaminocarbonyl)-Leucyl-amino]-2-(1-methyl- 

indol-3-yl)ethyllr5-methyl-oxazole-4-carboxylic add; 
2-{(1 R)-1 -[N-(2-Fluorx)phenylaminocarbonyl)-Leucyl-amino]-2-(1 - 

methyl-lndol-3-yl)ethy0-5-methyl-oxazole-4-cart>oxylic add; 
2-{(1 R)-1 -[N-(4-Fluorophenylaminocarbonyl)-Leucyl-amino]-2-(1 - 

methyl-indol-3-yl)ethyl]-5-methyl-oxa2ole-4-carboxylic add; 
2-{(1 R)-1 -[N-(N-Carba20lylcarbonyl)-Leucyl-amino]-2-(l -methyl-indol-3- 

yl)ethyQ-5-methyi-oxazole-4-carboxy!ic acid; 
2-{(1 R)-1 -[N-(7-A2aindolin-1 -ylcarbonyl)-Leucyl-amino]-2-(1 -methyl- 

indol-3-yl)ethyQ-5-methyl-oxazole-4-rarboxylic add; 
2-{(1R)-1-[N-(7-Azaindole-1-carbonyl)-Leucyl-amino]-2-(1-methyl-indol- 

3- yl)ethylJ-5-methyl-oxazole-4-carboxylic add; 

2-{(1 R)-1 -[N-(lndole-1 -carbony l)-Leucyi-amino]-2-(1 -methy l-indol-3- 
yl)ethyQ-5-rnethyk>xazole-4-carboxylic acid; and 
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2-{(1 R)-1 -[N-(lndole-3^ 

yl)ethy0-5-methyl-oxazole-4-carboxylic acid; 

or a pharmaceutically acceptable salt thereof. 

Preferred compounds are selected from the group consisting of: 



2-{(1 R)-1 -(N-(Cyclohexylaminocarbony l)-Leucyl^amino)-2-(indol-3- 

yl)ethyl}-5-methyl-imidazole-4-carboxylic acid; 
10 2-{(1 R)-1-(N-(Cyclohexylaminocarbonyl)-Leucyl-amino)-2-(1 -methyl- 

indol-3-yl)ethyl)-5-methyl-imidazole-4-carboxylic acid; 
2-{(1 R)-1 -(N-(enc/o-2-Norbornylaminocarbonyl)-Leucyl-amino)-2-(1- 

methyl-indol-3-yl)ethyI}-5-methyl-imidazole-4-carboxylic acid; 
2-{(1 R)-1 -(N-(exo-2-Norborny laminocarbonyl)-Leucy l-amino)-2-(1 - 
15 methyt-indol-3-yl)ethyl}-5-methyl-imidazole-4-carboxylic acid; 

2-{(1 R)-1 -((N-Cyclopentylaminocarbonyl)-Leucyl-amino)-2-(1 -methy I- 

indol-3-yl)ethy!)-5-methyNmidazole-4-carboxylic acid; 
2-{(1 R)-1 -(N-(Phenylaminocarbonyl)-Leucyl-amino)-2-(1 -methyMndol-3- 

yl)ethyl}-5-methyl-imidazole-4-carboxylic acid; 
20 2-{(1 R)-1 -[N-(N-Cyclohexylaminocarbonyl-N-methyl-Leucyl)-amino]-2- 

(1 -methyl-indol-3-yl)ethyQ-5-methyl-imidazole-4-carboxylic acid; 
2-{(1 R)-1 -(N-(4-Methoxy pheny lacety l)-Leucyl-amino)-2-(indol-3- 

y l)ethyl}-5-methy (-oxazole-4-carboxy lie acid ; 
2-{(1 R)-1 -(N-(1 -oxa-4-azaspiro(5.4)decane-4-carbonyl)-Leucyl-amino)- 
25 2-(1 -methyl-indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic add; 

2-{(1 R)-1 -(N-(1 -Indolinylcarbony l)-Leucyl-amino)-2-(1 -methyl-indol-3- 

yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -(N-(Decahydroquinolin-1 -ylcarbonyl)-Leucyl-amino)-2-(1 - 

methyl-indol-3-yl)ethyl}-5-methyl-oxazole-4-cart)oxylic acid; 
30 2-{(1 R)-1 -(N-(1 ,2,3,4-Tetrahydroquinolin-1 -ylcarbonyl)-Leucyl-amino)-2- 

(1 -methyl-indol-3-yl)ethyI}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1R)-1-(N-(N-Methyl-N-phenylaminocarbonyl)-Leucyl-amino)-2-(1- 

methyMndol-3-yl)ethyl)-5-methyl-oxa2ole-4-carboxylic acid; 
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2-{(1 R)-1-(N-(2-Hydroxyphenylaminocarbonyl)-Leucyl-amino)-2-(1 - 

methyl-indol-3-yl)ethyl}-5-methyl-oxa2ole-4-carboxyIic acid; 
2-{(1 R)-1 -(N-(Cyclohexyloxycarbonyl)-Leucyl-amino)-2-(1 -methyMndol- 

3-yl)ethyl}-5-methyl-oxa2ole-4-carboxylic acid; 
2-{(1 R)-1 -(N-(N-Cyclohexylaminocarbony l-N-methy l-Leucy l)-amtno)-2- 

(1 -methy Wndol-3-yl)ethyl)-5-methy l-oxazole-4-carboxy lie acid; 
2-{(1 R)-1 -(N-(Phenylaminocarbonyl)-Leucyl-amino)-2-(1 -methy l-indoi-3 

yl)ethyl)-5-mothyl-oxa2ole-4-carboxylic acid; 
2-{(1 R)-1 -(N-(3-FluorophenylaminocarbonyI)-Leucyl-amino)-2-(1 - 

methyl-indol-3-yl)ethyl)-5-methyl-oxa2ole-4-carboxylic acid; and 
2-{(1 R)-1-(N-(2-Fluorophenylaminocarbonyl)-Leucyl-amino)-2-(1 - 

methyWndo!-3-yl)ethyl)-5-methyl-oxazole-4-carboxylic acid; 

or a pharmaceutical^ acceptable salt thereof. 



One process for preparing the compounds of the invention 
comprises reacting a compound of the formula: 

G 

z 

wherein Ar, G, X, Y, Z and m are as defined above with a compound of 
the formula: 

E 

O 

or an activated derivative thereof, 
wherein Q and E are as defined above. 
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Additional processes for preparing the compounds of the 
invention are described below. 

Methods for preparing the compounds of the invention are shown 
in Schemes l-V. The stereochemistry shown in the schemes is that of 

5 the preferred compounds of the invention. Compounds having other 
stereochemistry than that shown in the schemes can be obtained by 
starting with amino acids of opposite stereochemistry, in the following 
Schemes, X is -N(R2h -O- or -S-, wherein R2 is hydrogen, loweralkyl, 
arylalkyl or (heterocyclic)alkyl; and Y is hydrogen; loweralkyl; loweralkyl 

10 substituted with one, two or three groups independently selected from 
cyano, hydroxy, alkoxy, amino, alkylamino, dialkylamino, azido, 
thioalkoxy, and halo; cycloalkyl; (cycloalkyl)alkyl; aryl; or arylalkyl. 

The synthesis of one series of heterocycle containing peptides 
(where m and n are 0) is shown in Scheme I The anion of carboxy 

15 protected N-(diphenylmethylene)glycine (P" is a carboxy protecting 
group, for example methyl, ethyl or benzyl) (1) is formed using a non- 
nucleophilic base (for example, lithium hexamethyldisilazide), and the 
anion is acylated with the appropriate acid chloride (for example, when 
Y is methyl, the acid chloride is acetyl chloride) to give upon acid 

20 workup the acylated glycine 2 as its ammonium salt. The acylated 

glycine is coupled with an appropriately protected activated amino acid 
residue (P* is an nitrogen protecting group, Ar is bicyclic aryl or bicyclic 
heteroaryl and A* is an amino acid activating group, for example, 
chloride, fluoroide or mixed anhydride) to give 2- The heterocyclic ring 

25 is prepared using the appropriate reagents (for example, DBU, carbon 
tetrachloride and triphenylphosphine to prepare an oxazole; ammonium 
acetate to prepare an imidazole; and Lawesson's reagent to prepare a 
thiazole) to give compound 4. A similar route for the synthesis of 
heterocyclic dipeptide mimics has been described by Gordon, et al., 

30 Tetrahedron Lett. 24(12) 1901 (1993). This intermediate is either 

elaborated in a stepwise manner (Method A) or in a convergent manner 
(Method B) to give the final product (£). In Method A, the nitrogen 
protecting group is removed and the residue is coupled with a nitrogen- 
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protected amino add or an activated ester derivative thereof (P is an 
nitrogen protecting group) to give compound 5. The nitrogen protecting 
group (P) is removed and the residue is terminally acylated. Removal of 
the carboxy protecting group (for example, hydrolysis of an alkyl ester or 
5 hydrogenolysis of a benzyl ester) provides the final product. The 
carboxy protecting group of the nitrogen protected intermediate 5 may 
also be removed (for example, hydrolysis of an alkyl ester or 
hydrogenolysis of a benzyl ester) (Method C) to give products where 
Ri-A- is an nitrogen protecting group (for example, when P is Boc, then 

10 the N-terminal group is a carbamate). Alternatively in Method B, the 
heterocyclic intermediate is nitrogen deprotected, coupled with a fully 
elaborated amino acid (RrC(0)-NH-CH(E)-C02H) residue or an 
activated ester derivative thereof and then the carboxy protecting group 
is removed (for example, hydrolysis of an alkyl ester or hydrogenolysis 

15 of a benzyl ester) to give the final product £. 

Activated ester derivatives of carboxylic adds include add 
halides such as acid chlorides, and activated esters including, but not 
limited to, formic and acetic add derived anhydrides, anhydrides 
derived from alkoxycarbonyl halides such as 

20 isobutyloxycarbonylchloride and the like, N-hydroxysucdnimide derived 
esters, N-hydroxyphthalimide derived esters, N-hydroxybenzotriazole 
derived esters, N-hydroxy-5-norbornene-2,3-dicarboxamide derived 
esters, 2,4,5-trichlorophenol derived esters and the like. 

The synthesis of heterocyde containing peptides where m and n 

25 are not zero is shown in Scheme II. In the case where m is 1 , the N- 
protected bicyclic aryl or bicyclic heteroaryl amino add (P* is an 
nitrogen protecting group and Ar is bicyclic aryl or bicyclic heteroaryl) is 
homologated (for example, by activating the carboxy terminus, treating 
with diazomethane and then rearranging the resultant diazoketone) to 

30 give the N-protected "homo" amino add fi. Treatment of fi with the 

acylated glydne 2 (where P" is a carboxy protecting group, for example 
an alkyl or benzyl ester) described in Scheme I gives intermediate & 
which is cydized by the procedures described in Scheme I to give 
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heterocycle lfl. Compound 1Q is further elaborated by the procedures 
described in Scheme I to give 10a . 

The case where n is 1 is also described in Scheme II. In this 
case, heterocyclic intermediate 4 (P* is an nitrogen protecting group, P" 
5 is a carboxy protecting group and Ar is bicyclic aryl or bicyclic 

heteroaryl) is carboxy deprotected (for example, hydrolysis of an alkyl 
ester or hydrogenolysis of a benzyl ester) to give the heterocycle 
carboxy lie add U. Activation of compound H (for example, by 
formation of the acid chloride), treatment with diazomethane, and 

10 rearrangement of the resultant diazoketone gives the acetic acid 

compound 12. Compound 12 can be elaborated to 12a as described in 
Scheme I. For the case where both m and n are 1 , one would 
homologate the bicyclic aryl or heteroaryl amino acid as described in 
the first part of Scheme II and then also homologate the heterocyclic 

15 carboxylic add by the procedure described in the second part of 
Scheme II. In the case where one desires m and/or n to be 2, one 
repeats the homologation reaction once again. 

Another approach is shown in Scheme III; this scheme also 
shows the preparation of compounds wherein the positions of the 

20 nitrogen atom and X in the 5-membered heterocycle are reversed. 

Condensation of an amide 13 (X is O), thioamide 12 (X is S), or amidine 
12 (X is NH), where Ar is bicyclic aryl or bicyclic heteroaryl and P* is an 
nitrogen protecting group, with a-halocarbonyl compound 12a (P" is a 
carboxy protecting group), followed by dehydration of the resultant 

25 amino!, provides compound 14. Condensation of 12 with a- 

halocarbonyl compound 12b (P" is a carboxy protecting group), followed 
by dehydration of the resulting aminol, provides compound 15. 
Deprotection of 14 oris, coupling with an amino-terminal fragment, and 
carboxy deprotection, as described in Scheme I (Method A, B, or C), 

30 gives the final product, 14a or 1 5a. respectively. 
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A preferred embodiment is shown in Scheme IV. The anion of N- 
(diphenylmethyiene)gtycine benzyl ester is formed using lithium 
hexamethyldisilazide and then is acylated with acetyl chloride to give 
the acyl glycine 1£. The acylated glycine is coupled with an 
5 appropriately protected tryptophan (wherein R is H or methyl) to give 1Z. 
The heterocyclic ring is prepared using the appropriate reagents (for 
example, DBU, carbon tetrachloride and triphenylphosphine to prepare 
an oxazole, ammonium acetate to prepare an imidazole and 
Lawesson's reagent to prepare a thiazole) to give compound Ifl. This 

10 intermediate is either elaborated in a stepwise manner (Method A) or in 
a convergent manner (Method B) to give the final product. In Method A, 
the Boc group is removed and the residue is coupled with 
Boc-Leucyl-OH to give compound 1&. The Boc nitrogen protecting 
group is removed and the residue is coupled with N-methyi- 

15 N-phenylcarbamoyl chloride. Hydrogenolysis of the benzyl ester 

provides the final product 2Q. Alternatively in Method B, the heterocyclic 
intermediate is de-protected, coupled with N-(N-methyl-N- 
phenylaminocarbonyl)-Leucyl-OH and the benzyl group 
hydrogenolyzed to give the final product 2Q. 

20 The preparation of a compound wherein Q is a cyclic urea or a 

cyclic thiourea is shown in Scheme V. An amino acid 21 (wherein P3 is 
loweralkyl) is protected with a carbamate N-protecting group (for 
example, Cbz) to give tertiary amine 2£ (wherein P2 is a carbamate N- 
protecting group). The carboxy protecting group is hydrolyzed (for 

25 example, using lithium hydroxide in water/THF) and then the compound 
is coupled with amino acid 22 (wherein P4 is loweralkyl, preferably 
tertiary-butyl). The resulting carboxamide is reduced to the amine using 
borane to give diamine 24. The N-protecting group is removed (for 
example, by catalytic hydrogenation using palladium on carbon catalyst) 

30 and the resulting diamine is cyclized (for example, using 

carbonyldimidazole to give the imidazolidone (A is -C(O)-) or using 
sulfuryl chloride in pyridine to give the imidazolidinethione (A is 
-S(0)2-)). The carboxy protecting group is removed (for example, using 
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hydrochloric acid in dioxane) and the resulting carboxylic acid is 
coupled with an amino acid H* (compound 14 from Scheme III in which 
the amino protecting group has been removed) resulting in compound 

2& 
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Scheme I 
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Scheme III 
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Scheme IV 



Ph 
Ph 



CC^Bn 



1. UHMDS 

2. CH3COCI 

3. HCi 



^CH 3 



X 



HjN' "C0 2 Bn 
IS 



BOC' 




COgBn 



o W V 




\ 

R o h or -CH 3 Meth °d B : 

1. deprotect terminal amino 

Method A: *i? l £ l £ wi * 

1 . deprotect Ri-CO-Leu-OH 

2. couple with 3. hydrogenolysls 
Boc-Leu-OH 



C02Bn 




R = H or-CH 3 




CO2H 



R - H or-CHa 



Method A (cont.): 
1 . deprotect terminal amino 
2- acy late with F^COCI 
3. hydrogenolysfe 



,CH 3 



R = H or-CH3 



6 



11/28/06, EAST Version: 2.1.0.14 



WO 95/08550 



PCT/US94/10049 




11/28/06, EAST Version: 2.1.0.14 



WO 95/08550 



PCT/US94/10049 



-41- 



Compounds which are useful as intermediates for the preparation 
of the compounds of the invention are: 



wherein 

Pi is hydrogen or an N-protecting group; 
misO, 1or2; 

10 X is -N(R2)-, -O- or -S-, wherein R2 is hydrogen, loweralkyl. arylaikyl or 

(heterocyctic)alkyi; 

G is hydrogen or loweralkyl; 

Ar is bicyclic aryl or bicyciic heteroaryl; and 

Y and Z are independently selected from the group consisting of 
15 (1) hydrogen; 



(2) loweralkyl; 

(3) loweralkyl substituted with one, two or three groups 

independently selected from cyano, hydroxy, alkoxy, 
amino, alkylamino, dialkylamino, azido, thioalkoxy, 



G 




2 



(III) 



and halo; 



(4) cycloalkyl; 

(5) (cycloalkyl)alkyl; 

(6) aryl; 

(7) arylaikyl; 

(8) a radical of the formula -(CH 2 )n-C(0)-W wherein W is 



-OR10 wherein R10 is hydrogen or a carboxy 
protecting group, amino, alkylamino, dialkylamino, 
hydroxyamino, N-hydroxyl-N-alkylamino or a 
naturally occurring a-amino acid wherein the 
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amino acid is bonded through the a-amino group; 
a radical of the formula -(CH2)n-V wherein V is 

(a) -S(0)2NHC(0)Ri6 wherein Ri6 is loweralkyl, haloalkyl, 

or phenyl, 

(b) -P0 3 H 2 , 

(c) -P(0)(OH)E wherein E is hydrogen, loweralkyl or 

arylalkyl, 

(d) -CN, 

(e) -C(0)NHRi7 wherein R17 is loweralkyl, 

(f) alkylaminocarbonyl, 

(g) dialkylaminocarbonyl, 

(h) tetrazolyl, 

(i) hydroxy, 
(j) alkoxy, 

(k) sulfonamido, 

(I) -C(O)NHS(0)2Ri6 wherein R16 is defined as above, 
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(r) 



(S) 




NHSO2CF3 



and 



10 



15 



(10) -(CH 2 ) n -NHS(0) 2 R6 wherein R6 is loweralkyl or haloalkyl 
and wherein at each occurrence n as used above is 
independently selected from 0, 1 or 2; 
with the proviso that at least one of Y or Z is a radical of the formula 

-(CH 2 ) n -C(0)-W f -(CH 2 )n-V or -(CH2) n -NHS(0) 2 R6 wherein n, W, 
V and R6 are defined as above; and 
a compound of the formula 



wherein 

Pi is hydrogen or an N-protecting group; 
misO, 1 or 2; 

X is -N(R2h -O- or -S-, wherein R 2 is hydrogen, loweralkyl, arylalkyl or 

(heterocyclic)alkyl; 
G is hydrogen or loweralkyl; 
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Ar is tricyclic aryl or tricyclic heteroaryl; and 

Y and Z are independently selected from the group consisting of 

(1) hydrogen; 

(2) loweralkyl; 

5 (3) loweralkyl substituted with one, two or three groups 

independently selected from cyano, hydroxy, alkoxy, 
amino, alkylamino, dialkylamino, azido, thioalkoxy, 
and halo; 
(4) cycloalkyl; 
10 (5) (cycloalkyl)alkyl; 

(6) aryl; 

(7) arylalkyl; 

(8) a radical of the formula -(CH 2 )rrC(0)-W wherein W is 

-OR10 wherein Rio is hydrogen or a caifooxy 
15 protecting group, amino, alkylamino, dialkylamino, 

hydroxyamino, N-hydroxyl-N-alkylamino or a 
naturally occurring a-amino acid wherein the 
amino acid is bonded through the a-amino group; 

(9) a radical of the formula -(CH2) n -V wherein V is 

20 (a) -S(0) 2 NHC(0)Ri6 wherein R i6 is loweralkyl, haloalkyl, 

or phenyl, 

(b) -PO3H2, 

(c) -P(0)(OH)E wherein E is hydrogen, loweralkyl or 

arylalkyl, 
25 (d) -CN, 

(e) -C(0)NHRi7 wherein R^ is loweralkyl, 

(f) alkylamtnocarbonyl, 

(g) dialkylaminocarbonyl, 

(h) tetrazolyl, 
30 (i) hydroxy, 

(j) alkoxy, 

(k) sulfonamide, 

(I) -C(0)NHS(0)2Ri6 wherein R 16 is defined as above, 
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TV** 

(s) H , or 



NHSOjCFs 

(t) ' — ' ; and 

(1 0) -(CH 2 )n-NHS(0)2R6 wherein Re is loweralkyl or haloalkyl 
10 and wherein at each occurrence n as used above is 

independently selected from 0, 1 or 2; 
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with the proviso that at least one of Y or Z is a radical of the formula 

-(CH 2 ) n -C(0)-W, -(CH 2 )n-V or -(CH 2 ) n -NHS(0) 2 R6 wherein n t W t 
V and R6 are defined as above. 

5 Preferred intermediates include compounds of formula (III) or (IV) 

wherein 
Yis 

(1) hydrogen; 

(2) loweralkyl; 

10 (3) loweralkyl substituted with one, two or three substituents 

independently selected from the group consisting of 
cyano, hydroxy, aikoxy, amino, alkylamino, 
dialkylamino, thioalkoxy, and halo; 
(4) cycloalkyl; 

15 (5) (cycloalkyl)alkyl; 

(6) aryl; 

(7) arylalkyl or 

(8) a radical of the formula -(CH 2 ) n -C(0)-W wherein W is 

-OR10 wherein Rio is hydrogen or a carboxy 
20 protecting group, and 

Zis 

(1 ) a radical of the formula -(CH 2 ) n -C(0)-W wherein W is 
*ORio> wherein Rio is hydrogen or a carboxy protecting 
group, amino, alkylamino, dialkylamino, hydroxyamino, 

25 N-hydroxyl-N-alkylamino and a naturally occurring 

a-amino acid wherein the amino acid is bonded through 
the a-amino group; 

(2) -(CH 2 ) n -(tetrazolyl) or 

(3) -(CH 2 )n-NHS(0) 2 R6 wherein R6 is loweralkyl or haloalkyl 
30 and at each occurrence n as used above is independently 

selected from 0, 1 or 2; and 
compounds of formula (III) or (IV) wherein 
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Yis 

(1 ) a radical of the formula -(CH 2 ) n -C(0)-W wherein W is 
-OR10, wherein Rio is hydrogen or a carboxy protecting 
group, amino, alkylamino, dialkylamino, hydroxyamino, 

5 N-hydroxyl-N-alkylamino and a naturally occurring 

a-amino acid wherein the amino acid is bonded through 
the a-amino group; 

(2) -(CH 2 )n-(tetrazolyl) or 

(3) -(CH2)rrNHS(0)2R6 wherein R6 is loweralkyl or haloalkyl; 
10 and 

Zis 

(1) hydrogen; 

(2) loweralkyl; 

(3) loweralkyl substituted with one, two or three substituents 
15 independently selected from the group consisting of 

cyano, hydroxy, alkoxy, amino, alkylamino, 
dialkylamino, thioalkoxy, and halo; 

(4) cycloalkyl; 

(5) (cycloalkyl)alkyl; 
20 (6) aryl; 

(7) arylalkyl or 

(8) a radical of the formula -(CH2)n-C(0)-W wherein W is 

-OR10 wherein Rio is hydrogen or a carboxy 
protecting group and at each occurrence n as used 
25 above is independently selected from 0, 1 or 2. 
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10 



15 



Particularly preferred intermediates are compounds of formula 
(III) or (IV) wherein 
G is hydrogen; 



Y is loweralkyl; 

Z is a radical of the formula -CO-W, wherein W is -ORio, wherein Rio 

is hydrogen or a carboxy protecting group; 
m is 0 or 1 ; and 
Xis -NH-or-O. 



The foregoing may be better understood by reference to the 
following examples which are provided for illustration and not intended 
to limit the scope of the inventive concept. The following abbreviations 
are used: Boc for tert-butyloxycarbonyl, Cbz for benzyloxycarbonyl, Cha 
for cyclohexytaianine, DBU for 1,8-diazabicyclo[5.4.0]undec-7-ene, 
DMAP for dimethylaminopyridine, EDCI for 1-(3-dimethylaminopropyl-3- 
ethylcarbodiimide hydrochloride, Et3N for triethylamine, EtOAc for ethyl 
acetate, EtOH for ethanol, HOAc for acetic add, HOBt for 1- 
hydroxybenzotriazole, UHMDS for lithium hexamethyldisilaztde, MeOH 
for methanol, p-TsOH for pa/a-toluenesuffonic add, EtaN for 
triethylamine, TFA for trifluoroacetic acid, Pd/C for palladium on carbon 
and THF for tetrahydrofuran. 




Aris 



R 



wherein R is hydrogen or loweralkyl; 
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Examole 1 

2^MR^1-[N-rHQmoDiperidin-1-vlcarbonvlVLeucvl-amino1-2-rmdol-3- 

y nethv]}-5-methvMmida2ol6-4-carboxvlic acid 

5 Exampig 1A 

Cb?-D-TrvptQphanvl-f2-acetvlGlvcine^ ethvl ester 
N-(Diphenylmethylene)glycine ethyl ester (30.0 g) was dissolved 
in THF (1 25 mL) and the solution cooled to -78 °C. Lithium 
hexamethyldisilazide (100 mL, 1 M solution in THF) was added slowly 

10 over 10 minutes, and the resulting yellow slurry was stirred at -78 °C for 
45 minutes. The slurry was then transferred via cannula to a solution of 
acetyl chloride (8.4 mL) in THF (50 mL) at -78 °C . Additional THF (250 
mL) was added to the anion solution to facilitate transfer to the acetyl 
chloride solution. Complete transfer of the anion took about 2.5 hours. 

15 After the addition was complete, the reaction was allowed to warm to 
room temperature and stirring was continued for four hours. The 
reaction was then quenched with 2 H HCI (115 mL). The THF was 
evaporated and the resulting aqueous solution was washed with EtOAc 
(2 x 100 mL). The organic phases were discarded and the aqueous 

20 phase was concentrated in vacuo. The resulting slurry was treated with 
EtOH (150 mL) and the insolubles filtered off. The filtrate was 
evaporated to give 2-acetylglyctne ethyl ester hydrochloride as a yellow 
solid which was used without further purification. 

Cbz-D-Tryptophan (40.6 g) was dissolved in THF (100 mL) and 

25 the solution cooled to -20 °C. N-Methylmorpholine (13 mL) was added 
followed by the dropwise addition of isobutylchloroformate (1 5.6 mL). 
After the addition was complete, the reaction was stirred for 30 minutes 
at -20 °C at which time the bath was removed. The 2-acetylglycine ester 
from above was dissolved in DMF (50 mL) and added to the mixed 

30 anhydride. N-Methylmorpholine (13 mL) was then added via syringe 
pump over a one hour period. After the addition was complete, the 
reaction was allowed to stir at room temperature for one hour. Water 
(200 mL) was added and the layers separated. The organic layer was 
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washed with saturated NaHC03 solution, 1 M H3PO4 and brine, dried 
with MgS04, and evaporated under reduced pressure to give an orange 
oil which was purified by flash chromatography on silica gel eluting with 
15% EtOAc-hexane. The title compound was isolated as an orange oil 
5 (30.7 g, 59% yield for the two steps). 1 H NMR (CDCI3. 300 MHz) 5 1 .26 
(dt, 3H, J=1Hz,7Hz), 2.24 (s, 1.5H). 2.30 (s, 1.5H), 3.20 (m, 1H), 3.35 (m, 
1H), 4.22 (dq, 2H, J*1Hz,7Hz), 4.50 (m, 1H), 5.06 (dd, 1H, J=7Hz,8Hz), 
5.12 (s, 2H), 5.45 (m, 1H), 6.82 (m, 1H), 7.23 (m, 9H), 7.65 (m, 1H), 8.10 
(s, 1H). MS (DCI/NH3) m/e 466 (M+H)+, 483 (M+NH 4 ) + . 

10 

Example 1 B 

2-fMR>-1-rBenzvloxvcarfaonvtamino^-2-rindol-3-vhsthvl>-5-methvl- 

imida2Qla-4-carfaoxvlic acid ethvl ester 
The compound resulting from Example 1 A (5.0 g) was dissolved 

15 in acetic acid (1 5 mL). Ammonium acetate (4.0 g) was added and the 
mixture heated at reflux for 16 hours. After cooling, the solvent was 
evaporated under reduced pressure and the residue taken up in 
saturated NaHC03 solution and extracted with EtOAc. The combined 
organic extracts were dried over MgSCX* and evaporated in vacuo. The 

20 resulting orange oil was purified by flash chromatography on silica gel 
eluting with 25% EtOAc-hexane to afford 3.60 g (73%) of the title 
compound. 1 H NMR (CDCI3, 300 MHz) 5 1 .31 (t, 3H, J=7Hz). 2.43 (s, 
3H), 3.37 (m, 1H), 3.47 (m, 1H), 4.27 (q, 2H, J=7Hz), 5.03 (s, 2H), 5.07 
(m, 1H), 5.26 (brs, 1H), 6.82 (s, 1H), 7.04(t, 1H, J=8Hz), 7.16 (t, 1H, 

25 J=8Hz), 7.30 (m, 5H), 7.50 (d, 1 H, J=8Hz), 8.05 (s. 1 H). MS (DCI/NH3) 
m/e 447 (M+H)+ 
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Example 1C 
2-mRM-Amino-P-findol-3-vnethv^^ 

acid ethyl ester 

The compound resulting from Example 1B (1.7 g) was dissolved 
5 in EtOH (1 0 mL). The solution was purged of oxygen, 1 0% Pd/C (0.5 g) 
was added, and the mixture was stirred at room temperature under an 
atmosphere of hydrogen. After two hours the catalyst was removed by 
filtration and the solvent evaporated in vacuo to give a white solid (1 .2 

g). 

10 

Example 1 D 
N-rHomoDiperidln-1>vlcarbonvn-Leucyi-QH 
Leucyl-OBn • pTsOH (100 mg) was dissolved in CHCI3 (2 mL). 
Et3N (51 mg, 75 jiL) was added and the solution cooled to 0 °C in an ice 

15 bath. Carbonyldiimidazole (41 mg) was added and the solution stirred 
at 0 °C for one hour. The bath was removed and the solution was stirred 
an additional one hour at room temperature. Homopiperidine (44 mg, 
50 jiL) was added and the solution stirred overnight at room 
temperature. The solution was washed with saturated NaHC03 

20 solution, 1 H H3PO4 and brine, dried with MgS04, and evaporated 

under reduced pressure to give a white solid which was purified by flash 
chromatography on silica gel eluting with 25% EtOAc-hexane to give N- 
(homopiperidin-l-ylcarbonyl)-leudne benzyl ester (77 mg, 88%). The 
ester was dissolved in EtOH (5 mL), the solution purged of oxygen, 10% 

25 Pd/C (0.1 Og) added and the mixture stirred under hydrogen for two 
hours. The solvent was removed in vacuo and the residue taken up in 
EtOAc and filtered through Celite® to remove the catalyst. The solvent 
was evaporated in vacuo to give the carboxylic add as a white solid (55 
mg, 96%). 
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Example 1 E 
2-{(1RM-fN-(Homopiperid^ 

vnethv»-5-methvMmidazol8-4-carboxvlic acid ethvl ester 
The compound resulting from Example 1 C (68 mg) was dissolved 
5 in THF (2 mL). HOBt (30 mg), the acid prepared in Example 1 D (55 mg) 
and EDCI (42 mg) were added. N-Methylmorpholine (10 \iL) and DMF 
(1 mL) were added and the mixture stirred at room temperature for 1 8 
hours. The solvent was evaporated under reduced pressure and the 
residue taken up in EtOAc. The solution was washed with saturated 
10 NaHCC>3 solution, 1 N H3PO4 and brine, dried with MgS04, and 

evaporated in vacuo to give an orange oil which was purified by flash 
chromatography on silica gel eiuting with 50% EtOAohexane. 

Example 1 F 

15 2-1(1 RH -fN-momopiperidin-1 -vlcarfaonvh-L eucvl-aminol-2-nndol-3- 

vnethvft-5-methvl-imida2ole-4-carboxvlic add 
The compound resulting from Example 1 E was dissolved in THF 
(2 mL) and a solution of LiOH (50 mg) in H2O (1 mL) was added. The 
mixture was heated in a Carius tube at 1 10 °C for 15 hours. The 

20 solvents were evaporated under reduced pressure and the residue 
taken up in 1 M H3PO4 (5 mL). The suspension was dissolved in water 
and acetonitrile, and the product purified by preparative HPLC (Vydac 
uC18) eiuting with a 10-70% gradient of CH3CN in 0.1% TFA. The 
desired fractions were lyophilized to give the product (and its 

25 diastereomer) as a white solid. 1 H NMR (CD3OD, 300 MHz) 5 0.77 (d, 
3H, J=7Hz), 0.82 (d, 3H, J=7Hz), 1.30 (m, 2H). 1.52 (m, 5H), 1.66 (m, 
4H), 2.52 (s, 3H), 3.4 (m, 6H), 3.59 (dd, 1H, J=7Hz,15Hz), 4.07 (dd, 1H, 
J=5Hz,9Hz), 5.42 (dd, 1 H, J=6Hz,8Hz), 7.01 (ddd, 1 H, J=1 Hz,7Hz,8Hz), 
7.11 (ddd, 1H, J=1Hz,7Hz,8Hz), 7.12 (s, 1H), 7.36 (d, 1H, J=8Hz), 7.45 

30 (d, 1 H, J=8Hz). MS (DCI/NH3) m/e 523 (M+H)+. Anal calcd for 

C28H38N6O4 • 1.5 TFA: C. 53.68; H, 5.74; N, 12.12. Found: C, 53.60; H, 
5.85; N, 12.08. 
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Example 2 

2-fMRV1-rN-momopipBridin-1-vlcarbonvn-Leucvl-aminol-2-M-mflthyl- 
indol-3-v»ethvn-5-methvl-imidazole-4-carboxvlic arid 
The title compound was prepared according to the procedures 
5 described in Example 1 but substituting Cbz-D-(1 -methyl)Trp-OH for 
Cbz-D-Trp-OH in Example 1 A. 1 H NMR (CD 3 OD, 300 MHz) 5 0.93 (d, 
3H, J=7Hz), 0.96 (d. 3H, J=7Hz), 1.30 (m, 2H), 1.52 (m, 5H), 1.66 (m, 
4H), 2.52 (s, 3H). 3.4 (m, 5H), 3.59 (dd, 1H, J=7Hz,15Hz), 3.75 (s, 3H). 
4.07 (dd, 1H, J=7Hz,8Hz), 4.35 (dd, 1H, J=6Hz,10Hz), 5.42 (dd, 1H, 
10 J=6Hz,8Hz), 7.04 (s, 1 H), 7.05 (ddd, 1 H, J=1 Hz,7Hz,8Hz), 7.1 8 (ddd, 1 H, 
J=1 Hz,7Hz,8Hz), 7.35 (d, 1H, J=8Hz), 7.47 (d, 1H, J=8Hz). MS 
(DCI/NH3) m/e 537 (M+H)+. HRMS Calcd for C29H4iN 6 0 4 : 537.3189. 
Found: 537.3191. 

15 Example 3 

2-U 1 RH -fN-momoDiperidin-1 -vlcarbonvlVLeucyl -amino1-2-nndol-3- 
vnethvl1-5-Dhenvl-imidazole-4-carboxvfic arid 

The title compound was prepared according to the procedures 
described in Example 1 but substituting benzoyl chloride for acetyl 

20 chloride in Example 1 A. 1 H NMR (CD3OD, 300 MHz) 5 0.80 (d, 3H, 
J=6Hz), 0.85 (d, 3H, J=6Hz), 1.2-1.45 (m, 10H). 3.2 (m, 4H), 3.43 (dd, 
1H, J=8Hz,15Hz), 3.52 (dd, 1H, J=6Hz,7Hz), 3.62 (dd, 1H, J=6Hz,15Hz), 
4.13 (t, 1H, J=7Hz), 5.43 (dd, 1H, J=6Hz,8Hz), 6.96 (ddd, 1H, 
J=1Hz,7Hz,8Hz), 7.10 (ddd, 1H, J=2Hz,7Hz,8Hz), 7.14 (s, 1H), 7.36 

25 (ddd, 1 H, J=1 Hz,2Hz,8Hz), 7.45 (m, 4H), 7.69 (dt, 1 H, J=2Hz,8Hz), 7.57 
(dd, 1H, J=2Hz,7Hz). MS (FAB+NBA) m/e 585 (M+H)+, 647 (M+Cu)+. 
Anal calcd for C33H40N6O4 • 1 .25 TFA: C, 58.63; H, 5.72; N, 1 1.56. 
Found: C, 58.64; H, 5.91 ; N, 1 1.71 . 
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Example 4 

2-f M m-1 -fN-f Homopioeridin-1 -vlcarbonvn-Leucvl-aminoy2-findol-3- 

yn6thyl}-5-ben2vl-imidazole-4-carboxvlic acid 
The title compound was prepared according to the procedures 
5 described in Example 1 but substituting phenylacetyl chloride for acetyl 
chloride in Example 1 A 1 H NMR (CD3OD, 300 MHz) 5 0.81 (d, 3H, 
J=6Hz), 0.85 (d, 3H, J=6Hz), 1.36 (m, 1H), 1.51 (m, 5H). 1.63 (m, 5H), 
3.2-3.6 (m, 7H), 4.09 (dd, 1H, J=6Hz,8Hz). 4.24 (d, 1H. J=15Hz), 4.36 (d, 
1H, J=15Hz), 5.37 (dd, 1H, J=7Hz,8Hz), 6.94 (ddd, 1H, J*1Hz,7Hz,8Hz), 
10 7.04 (s, 1 H), 7.1 (d. 2H, J=8Hz), 7.2-7.3 (m, 4H), 7.34 (dd, 2H, 
J=1 Hz,8Hz). MS (FAB+G/SG) m/e 599 (M+H)+ Anal calcd for 
C34H42N60 4 • 1.75 TFA: C, 56.42; H, 5.52; N, 10.53. Found: C, 56.14; 
H, 5.68; N, 10.65. 

15 Example 5 

2-(MRV1-fN-(Homopiperidin-1-ylcari3onyn-Leucyl-amino]-2-nndol-3- 

ynethyl}-5-ethvl-imida2olQ-4-carboxviic acid 

The title compound was prepared according to the procedures 
described in Example 1 but substituting propionyl chloride for acetyl 

20 chloride in Example 1A. 1 H NMR (CO3OD, 300 MHz) 5 0.81 (d, 3H, 
J=6Hz), 0.85 (d, 3H, J=7Hz), 1.15 (t. 3H, J=8Hz), 1.3-1.4 (m, 2H), 1.53 
(m, 5H), 1.67 (m, 4H),.2.9 (m, 2H), 3.3-3.6 (m, 6H), 4.10 (dd, 1H, 
J=6Hz,8Hz), 5.36 (dd, 1H, J=7Hz,8Hz), 6.98 (ddd, 1H, J=1Hz,7Hz,8Hz), 
7.10 (ddd, 1H, J=1Hz,7Hz,8Hz), 7.12 (s, 1H), 7.36 (d, 2H, J=8Hz) . MS 

25 (DCI/NH3) m/e 537 (M+H)+. Anal calcd for C29H40N6O4 • 1 .6 TFA: C. 
53.78; H, 5.83; N, 1 1 .69. Found: C, 53.94; H, 5.94; N, 1 1 .23. 

Example 6 

2-{M RM-fN-(Homopiperidin-1 -YtearhonvlVLeucyl-amino|-2-findol-3- 
30 vnethvll-5-proDvHrnidazole-4-carboxvlic acid 

The title compound was prepared according to the procedures 
described in Example 1 but substituting butyryl chloride for acetyl 
chloride in Example 1A. 1 H NMR (CD3OD, 300 MHz) 5 0.79 (d, 3H, 
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J=6Hz), 0.84 (d, 3H, J=7Hz), 0.88 (t, 3H, J=8Hz), 1.3-1.4 (m. 2H), 1.53 
(m, 5H), 1.60 (m, 2H), 1.68 (m, 4H), 2.94 (m, 2H), 3.3-3.6 (m. 6H), 4.10 
(dd, 1H, J=7Hz,9Hz), 5.35 (dd, 1H, J=7Hz,8Hz), 6.97 (ddd, 1H, 
J=1 Hz,7Hz,8Hz), 7.07 (s, 1 H), 7.1 0 (ddd, 1 H, J=1 Hz,7Hz,8Hz), 7.35 (d, 
5 1 H, J«8Hz), 7.40 (d, 1 H, J=8Hz). MS (DCI/NH3) m/e 551 (M+H)+. Anal 
calod for C3oH42N604 • 1 .2 TFA: C, 56.60; H, 6.33; N, 1 2.22. Found: C, 
56.30; H. 6.46; N, 12.13. 

Example 7 

10 2-{M m-1 -fN-fH nmnoioQridin-1 -ylcarbonvn-Leucvl-amino1-2-findol-3- 

yl^ftthyl)-fi.tsoDropvl-imida20le-4-carfaQxvlic acid 
The title compound was prepared according to the procedures 
. described in Example 1 but substituting isovaleryl chloride for acetyl 
chloride in Example 1 A 1 H NMR (CD3OD, 300 MHz) 5 0.85 (d, 3H, 
15 J=6Hz). 0.87 (d, 3H, J=6Hz), 1 .1 0 (d, 3H, J=7Hz). 1 .21 (d, 3H, J=7Hz), 
1.4-1.5 (m, 2H), 1.52 (m, 5H). 1.68 (m, 4H), 3.3-3.5 (m, 6H), 3.72 (m, 1H), 
4.10 (dd, 1H, J=6Hz,10Hz), 5.29 (t, 1H, J=6Hz), 6.96 (ddd, 1H, 
J=1 Hz,7Hz,8Hz), 7.09 (s, 1H), 7.12 (ddd. 1 H, J=1Hz,7Hz,8Hz), 7.24 (d. 
1H, J=8H z). 7.35 (td, 1 H, J=1Hz,8Hz). MS (FAB+NBA) m/e 551 (M+H)+, 
20 573 (M+Na)+. Anal calcd for C30H42N6O4 • 1 .6 TFA: C, 54.39; H , 5.99; 
N, 1 1 .46. Found: C, 54.46; H, 6.38; N, 1 1 .31 . 

Example 8 

2-(H R\-1 -f N-f Homopiporidin-1 -vlc arbonvlVLeucvl-aminol-2-(indol-3- 
25 ynethvfl-5-cvclopropvl-im ida7Qle-4-carboxvlic acid 

The title compound was prepared according to the procedures 
described in Example 1 but substituting cyclopropanecarbonyl chloride 
for acetyl chloride in Example 1 A 1 H NMR (CD3OD, 300 MHz) 8 0.85 
(d, 3H, J=6Hz). 0.88 (d, 3H, J=6Hz). 1.08 (d, 3H, J=7Hz), 1.13 (d, 3H, 
30 J=6Hz), 1 .5-1 .8 (m, 1 1 H), 3.3-3.5 (m, 6H), 3.72 (m. 1 H). 4.09 (dd, 1 H, 
J=6Hz,10Hz), 5.38 (t, 1H, J=7Hz), 6.96 (ddd, 1H, J=1 Hz,7Hz,8Hz), 7.07 
(S, 1H), 7.09 (ddd. 1H, J=1Hz,7Hz.8Hz), 7.22 (d, 1H, J=8Hz), 7.35 (dd, 
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1H, J=1Hz,8Hz). MS (FAB+NBA) m/e 549 (M+H)+. HRMSCalcdfor 
C30H41N6O4: 549.3189. Found: 549.3210 . 

Example 9 

5 2-{( 1 m-1 -fN-fHomopiperidin-l -vlrarbonvn-Leucvl-aminoT-2-findol-3- 

vnethyl}-5-methyMmidazola-4-carboxvlic acid ethyl ester 

The title compound was prepared according to the procedures 
described in Example 1 A through 1E. 1 H NMR (CD3OD, 300 MHz) 8 
0.77 (d, 3H, J=6Hz). 0.83 (d, 3H, J=6Hz), 1 .3-1.4 (m, 2H), 1.39 (t, 3H. 

10 J=7Hz), 1.52 (m, 5H), 1 .66 (m, 4H), 2.52 (s, 3H), 3.4 (m, 6H), 3.57 (dd. 
1H. J=7Hz,15Hz), 4.08 (dd, 1H, J=7Hz,9Hz), 4.41 (q, 2H, J=7Hz), 5.39 
(dd, 1H, J=6Hz,8Hz), 7.00 (ddd, 1H, J=1Hz,7Hz,8Hz), 7.1 1 (s, 1H), 7.12 
(ddd, 1H, J=1Hz,7Hz.8Hz), 7.35 (td, 1H, J=1Hz,8Hz), 7.44 (td, 1H, 
J=1Hz,8Hz). MS (FAB/NBA) m/e 551 (M+H)+ 573 (M+Na)+. Anal calcd 

15 for C30H42N6O4 • 1 .5 TFA: C. 54.92; H, 6.08; N, 1 1 .64. Found: C, 55.03; 
H, 6.19; N, 11.75. 

Example 10 

2-fMR^1-fN-rN-HQmopiperidin-1-ylcarbonvl-N-methvl-Leucvh-am}no]-2- 
20 rtndol-3-vnethvn-5-methvMmidazole-4-carfaoxvlic acid 

The title compound was prepared according to the procedures 
described in Example 1 but substituting N-methyl leucine benzyl ester 
for leucine benzyl ester in Example 10. 1 H NMR of the major 
diastereomer (CD3OD, 300 MHz) 5 0.80 (d. 3H, J=6Hz), 0.88 (d. 3H, 
25 J=6Hz), 1 .3-1 .8 (m, 1 1 H), 2.49 (s, 3H), 2.74 (s, 3H), 3.2-3.6 (m, 6H), 4.00 
(m, 1H), 5.35 (m, 1H), 7.00 (ddd, 1H, J=1 Hz,7Hz,8Hz), 7.10 (s, 1H), 7.11 
(ddd, 1H, J=1Hz,7Hz,8Hz), 7.34 (td, 1H, J=1Hz,8Hz). 7.46 (td, 1H, 
J=1Hz,8Hz). MS (FAB+NBA) m/e 537 (M+H)+, 559 (M+Na)+. HRMS 
Calcd. for C29H41N6O4: 537.3189 . Found: 537.3173. 

30 
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Example 1 1 

1 S-Dimethvl-2-tt 1 RM -fN-f homoDioeridin-1 -vIcarbonvll-Leucvl-aminol- 

2-findol-3-vhethvl)-jmidazola-4-carboxvlic acid 
The title compound was prepared by the procedures described in 
5 Example 1 but substituting methylamine hydrochloride for ammonium 
acetate in Example 1B. 1 H NMR (CD3OD, 300 MHz) 8 0.89 (d, 3H, 
J=7Hz),0.91 (d, 3H, J=»7Hz), 0.78-1 .74 (m, 1 1 H), 2.35 (s, 3H), 3.20 (s, 
3H), 3.38 (m, 4H), 3.50 (m, 2H), 4.27 (dd, 1 H, J=5Hz,7Hz), 5.36 (dd, 1 H, 
J=5Hz,7Hz), 6.96 (t, 1H, J=7Hz), 7.07 (s, 1H), 7.09 (t, 1H, J=7Hz), 7.27 
10 (d, 1 H, J=7Hz), 7.34 (d, 1 H, J=7Hz). MS (FAB) m/z 537 (M+H)+, 599 
(M+Na)+. 

Example 12 

1-Benzvt-2-(M RM .rN-fhomopic-eridin-l -vlcarbonvh-Leucvl-aminoy2- 
15 nndol-3-yhethvl)-5-methyl-imidazole-4-carboxvlic acid 

The title compound was prepared by the procedures described in 
Example 1 but substituting benzylamine for ammonium acetate in 
Example 1B. 1 H NMR (CD3OD, 300 MHz) 5 0.86 (d. 3H, J=7Hz), 0.88 
(d, 3H, J=7Hz), 1 32. (m, 1 H), 1 .50 (m, 6H). 1 .67 (br m, 4H). 2.25 (s. 3H) f 
20 3.3-3.5 (m, 6H), 4.23 (dd, 1 H, J=6Hz,8Hz), 5.06 (dd, 2H, J=8Hz,20Hz), 
5.40 (t, 1 H, J=8Hz), 6.88 (m, 3H). 7.02 (s, 1 H), 7.1 0 (m, 2H), 7.25 (m, 
3H), 7.34 (d, 1H, J=8Hz). MS (FAB) m/e 613 (M+H)+, 635 (M+Na)+ 
Anal calcd for C35H44N6O4 • 1 .5 TFA: C, 58.23; H, 5.85; N, 1 0.72. 
Found: C, 58.02; H, 6.01 ; N, 10.82. 

Example 13 

2-f (1 RH -[N-(CyclohexylaminQcarbQnyQ-U9ucy|-aminol-2-(indoi-3- 

yhethvl>-5-methvl-imida2Qle-4-carboxvlic acid 
The title compound was prepared by the methods described in 
30 Example 1 but substituting cyclohexyiamine for homopiperidine in 

Example 1 D. 1 H NMR (CD3OD, 300 MHz) for the major diastereomer 5 
0.78 (d, 3H, J= 7Hz), 0.80 (d, 3H, J=7Hz), 1.2-1.85 (m, 14H), 2.53 (s, 
3H), 3.35-3.6(m, 4H), 4.044 (m, 1 H), 5.42 (t, 1 H, J=8Hz), 7.00 (t, 1 H, 
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J=7Hz). 7.1 0 (s, 1 H), 7.12 (t, 1 H, J=7Hz), 7.36 (d, 1 H, J=8Hz), 7.45 (d, 
1H, J=8Hz). Anal calcd for C28H38N6O4 • 1.5 TFA: C. 53.68; H. 5.74; N, 
12.12. Found: C, 53.67; H, 5.32; N, 12.07. 

5 Example 1 4 

2-(M ffl-1 ■fN-r4-MethQxvm6thoxvDiperidin-1-vlcarbQnvl\-Leucvl-amino)- 
2^indol-3-vnethy»}-5-methvl>imidazole-4-carboxylie acid 

The title compound was prepared by the methods described in 
Example 1 but substituting 4-methoxymethoxypipeiidine for 

10 homopiperidine In Example 1 D. 1 H NMR (CD3OD, 300 MHz) 5 0.6-0.9 
(m, 6H), 1.15-1.55 (m, 5H), 1.82 (m, 2H), 2.52 (s f 3H), 3.16 (m, 2H), 3.35 
(S, 3H), 3.58 (m, 1H), 3.75 (m, 3H), 4.03 (t, 1H, J=7Hz), 4.68 (s, 2H), 5.42 
(dd, 1H, J=5Hz,7Hz), 7.01 (t, 1H, J=7Hz), 7.10 (t, 1H, J=7Hz), 7.14 (s. 
1 H), 7.35 (d. 1 H, J=7Hz), 7.48 (d, 1 H, J=7Hz). MS (DCI/ NH 3 ) m/e 569 

15 (M+H)+. Anal calcd for C29H40N6O6 • 1 .50 TFA • 1 .75 H 2 0: C, 51 .96; H, 
5.65; N, 1 1 .36. Found: C, 51 .98; H, 5.90; N, 1 1 .28. 

Example 15 

24Mm-1-fN-momopiperidin-1-vlsulfonvn-Leucvl-aminQT-2-(indQl-3- 
20 vnethvl>-5-methvl-imida2ole-4-carboxylic acid 

Example 15A 
N-rHomopiperidin-1-ylsulfonvn-Leucine 

Homopiperidine (6 mL) was dissolved in diethyl ether (250 mL) 
25 and cooled to 0 °C in an ice bath. HCI gas was bubbled through the 
solution and the resulting white solid collected by filtration and dried in 
vacuo. The solid was taken up in sulfuryl chloride (20 mL) and the 
mixture heated at reflux. The reaction became very thick and additional 
sulfuryl chloride (10 mL) was added and reflux continued for 16 hours. 
30 The remaining sulfuryl chloride was evaporated and the residue distilled 
(90-100 °C, 0.1 mm) to give homopiperidinesulfonyl chloride as a 
colorless oil (9.06 g, 86%). 
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To the sulfonyl choride (0.97 g) dissolved in DMF (10 mL) was 
added Leu-OBn . pTsOH (2.03g), Hunig's base (1 .75 mL), and then 
DMAP (0.2 g), and the mixture was stirred at room temperature for 1 6 
hours. The solution was diluted with ethyl acetate, washed with water, 2 
5 H HCI, saturated NaHCOa solution, and brine, dried, and evaporated. 
Purification by flash chromatography (1 0% EtOAc-hexane) gave N- 
(homopiperidin-l-ylsulfonyl)-leucine benzyl ester as a white solid (0.88 
g, 47%). The benzyl ester (0.85 g) was dissolved in MeOH (20 mL) and 
10% Pd/C (0.75 g) was added. The mixture was stirred at room 
10 temperature under an hfe atmosphere for 2.5 hours. The catalyst was 
filtered off and the solvent evaporated to give the product as a colorless 
oil (0.66 g, 100%). 

Example 15B 

15 24f 1 ffl-1 -fN-momopiperidin-1 -vlsulfonvn-Leucvl>aminoT-2^indol-3- 

vl^ethvl}-5-methvl-imtdazole-4-carboxvlic acid 
The title compound was prepared by the procedures described in 
Example 1 but substituting the compound resulting from Example 15A 
for N-(homopiperidin-1-ylcarbonyl)-Leucine in Example 1E. 1 H NMR 

20 (CD3OD, 300 MHz) 8 0.83 (d, 3H, J=6Hz), 0.90 (d, 3H, J=6Hz), 1 .4-1 .8 
(m, 11H), 2.49 (s, 3H), 2.57 (s, 3H), 2.88 (dd, 1H, J=9Hz,15Hz). 3.2-3.5 
(m, 5H), 4.20 (dd, 1H, J=6Hz,11Hz), 5.34 (dd, 1H, J=7Hz,8Hz), 6.95 
(ddd, 1H, J=1Hz,7Hz,8Hz), 7.07 (ddd, 1H, J=1 Hz,7Hz,8Hz), 7.10 (s, 1H), 
7.31 (td, 1 H, J=1 Hz,8Hz), 7.40 (td, 1 H, J=1 Hz,8Hz). MS (FAB+NBA) m/e 

25 538 (M+H)+, 560 (M+Na)+. Anal calcd for C29H39N5O5 • 1 .0 TFA: C, 
57.14; H, 6.19; N, 10.75. Found: C, 56.76; H f 6.23; N, 10.71. 



4 
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Example 16 

2-fnRM-fN-Boc-Leucvl-aminol-2-«ndol-3-vl^ethvn-5-methvl-imida?olft- 

4-carboxvlic acid 

5 Example 1 6A 

2-f Q RV1 -f rN-Boc-LeucviWamino|-2-rtndot-3-vnethvI^-5-mathyl- 

imidazola-4-carfaQxylic acid ethvl ester 

2-[(1 R)-1 -Amino-2-(lndol-3-yl)ethyI]-5-methy Wmidazole-4- 
carboxylic acid ethyl ester (1 .2 g), prepared according to the method in 

10 Example 1 C, was dissolved in THF (1 0 mL) and added to a solution of 
Boc-Leu-OH • H2O (1.0 g) and HOBt (0.5 g) in THF (10 mL). EDCI (0.75 
g) was added to the solution, followed by DMF (2 mL). The mixture was 
stirred for 20 hours at room temperature. The solvent was evaporated in 
vacuo and the residue taken up in EtOAc. The solution was washed 

15 with saturated NaHC03 solution, 1 M H3PO4, and brine, dried with 
MgSC>4, and evaporated to give an orange solid that was purified by 
flash chromatography (25% EtOAc-hexane) to give 1 .85 g (92%) of the 
title compound. 1 H NMR (CDCI3, 300 MHz) 8 0.87 (d. 3H, J=7Hz), 0.89 
(d, 3H, H=7Hz), 1.31 (t, 3H, J=7Hz), 1.45 (m, 3H), 1.52 (s, 9H), 2.46 (s, 

20 3H), 3.27 (br s. 1 H), 3.43 (m, 1 H), 4.1 2 (m, 1 H), 4.30 (q, 2H, J=7Hz), 5.50 
(m, 1H), 6.65 (br s, 1H), 6.80-7.10 (m, 3H), 7.12 (s, 1H), 7.40 (m, 1H). 
8.26 (m,1H). MS (DCI/NH3) m/e 526 (M+H)+. 

Example 16B 

25 2-/MRV1-f/N-BQC-Leucvn.amino1-2-nndQ l-3-vnethvl}-5-methvt- 

8midazole-4-carboxvKc acid 
The compound resulting from the procedure in Example 1 6A (1 00 
mg) was dissolved in THF (2 mL) and a solution of LiOH (50 mg) in H 2 0 
(1 mL) was added. The mixture was heated in a Carius tube at 1 10 °C 
30 for 1 5 hours. The solvents were evaporated under reduced pressure 
and the residue taken up in 1 U H3PO4 (5 mL). The suspension was 
dissolved in water and acetonitrile, and the product purified by 
preparative HPLC (Vydac uC18) eluting with a 10-70% gradient of 
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CH3CN in 0.1% TFA. The desired fractions were lyophilized to give the 
product as a white solid. 'H NMR (CD3OD, 300 MHz) 5 0.87 (d, 3H, 
J=8Hz), 0.90 (d. 3H, J=8Hz). 1.28 (m, 2H), 1.41 (s, 9H), 1.59 (m, 1H), 
2.47 (s, 3H), 3.50 (m, 2H), 4.05 (m, 1 H), 5.35 (t, 1 H, J=8Hz), 7.00 (m, 
1 H), 7.08 (m, 2H), 7.32 (m, 1 H), 7.42 (d, 2H, J=8Hz). MS (FAB) m/e 498 
(M+H)+ 520 (M+Na)+. Anal calcd for C26H35N5O5 • 1 .25 TFA: C, 53.48; 
H, 5.71 ; N, 1 0.94. Found: C, 53.49; H, 5.66; N, 1 1 .24. 

Example 17 

2-(nm-1-fN-fBenzvlaminocarfaonvn-Leu cvl-aminoV2-findol-3-yhethyl}. 

5-methvl-imidazole-4-carboxvlic acid 

Example 17A 

2-fnR^-1-fN-men?vlafninocarbQnyl>-Lsuevl-amtnn] -2-nndol.a-vnftthyn- 

5-methvMmidazole-4-carboxvlic arid ethyl ester 
The compound resulting from Example 16A (0.1 1 g) was taken up 
in 4 U HCl/dioxane (2 mL) and stirred at room temperature for 1 hour. 
The solvent was evaporated under reduced pressure and the residue 
taken up in EtOAc (10 mL). The solution was washed with saturated 
NaHC03 solution and brine, dried with MgS04 and evaporated in vacuo 
to give a white solid which was dissolved in THF (5 mL). EtaN (50 \±) 
was added followed by benzyl isocyanate (38 mg, 35 u.L). The solution 
was stirred at room temperature for 5 hours. The solvent was 
evaporated and the residue taken up in EtOAc. The solution was 
washed with saturated NaHC03 solution, 1 U H3PO4 and brine, dried 
with MgS04, and evaporated in vacuo to give the title compound as a 
white solid (100 mg). 
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2.{HR^1.rN.menzylamjnocaffaonvlVLeucvl-aminQl-2-nndQ|.3-vnethvl}- 

5-methyl-imidazolft-4-carboxvlic acid 
To the compound resulting from Example 17A (100 mg) dissolved 
5 in THF (3 mL) was added a solution of LiOH (0.1 g) in H2O (3 mL). The 
mixture was heated in a Carius tube at 1 1 0 °C for 1 5 hours. The 
solvents were evaporated under reduced pressure and the residue 
taken up in 1 U H3PO4 (5 mL). The suspension was dissolved in water 
and acetonitrile and the product purified by preparative HPLC (Vydac 
10 11CI8) eluting with a 10-70% gradient of CH3CN in 0.1% TFA. The 
desired fractions were lyophilized to give the product as a white solid. 

1 H NMR (CDCI3. 300 MHz) 6 0.87 (d, 3H, J=7Hz), 0.89 (d, 3H, J=7Hz), 
1.31 (t, 3H, J«7Hz), 1 .45 (m, 3H), 1 .52 (s, 9H), 2.46 (s, 3H), 3.27 (br s, 
1H), 3.43 (m. 1H), 4.12 (m, 1H), 4.30 (q, 2H. J=7Hz), 5.50 (m, 1H), 6.65 
15 (br s, 1 H), 6.80-7.1 0 (m, 3H), 7.1 2 (s, 1 H), 7.40 (m, 1 H), 8.26 (m, 1 H). 
MS (DCI/NH3) m/e 526 (M+H)+. 

Example 18 

2-fnRV1-rN-fPhenvlacetvlVLeucvl-aminQl-2-nndQl-3-yhethylV5-methvl- 
20 imidazole-4-carboxvlic acid 

The title compound was prepared according to the procedures 
described in Example 17 but substituting phenylacetyl chloride for 
benzyl isocyanate in Example 17A. 1 H NMR (CD3OD, 300 MHz) of the 
major diastereomer 5 0.74 (d, 3H, J=8Hz), 0.79 (d, 3H, J=8Hz), 1.2-1.6 
25 (m, 3H), 2.32 (s. 3H), 3.35 (m, 2H), 3.42-3.55 (m, 1 H). 3.51 (d, 2H), 4.21 
(m, 1H), 5.35 (m, 1H), 7.00 (m, 1H), 7.10 (t, 1H, J=7Hz), 7.2-7.3 (m, 6H), 
7 S 33 (d, 1H, J=7Hz), 7.45 (d. 1H. J=7Hz). MS (DCI/NH3) m/e 516 
(M+H)+. Anal calcd for C29H33N5O4 • 1 .2 TFA: C, 57.81 ; H, 5.28; N, 
10.73. Found: C, 58.16; H, 5.08; N, 10.33. 

30 
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Exampte 19 

2-{Mm-1-fN-»-NaDhthvlfarbonvn-Leucvl-aminoT-2-nndol-3-vnethyl}-S. 

methvi-imidazole-4-carboxvlic acid 

■ 

The title compound is prepared according to the procedures 
5 described in Example 17 but substituting 1-naphthoyl chloride for benzyl 
isocyanate in Example 17A. 

Example 20 
24MRH4N-fCvclohexvla^ 

10 methyl"irpidai;Ql9-4'CarbQxylic acid 

Example 2QA 

2-U 1 ffl-1 -rN-(Cvctohexvlacetvl VLeu^aminoV2-nndQl^vhethvf}>5- 

methvl-imidazole-4-carboxvlic acid ethvl ester 

15 The compound resulting from Example 16A (0.10 g) was taken up 

in 4 U HCi in dioxane (2 mL) and stirred at room temperature for 1 hour. 
The solvent was evaporated under reduced pressure and the residue 
taken up in EtOAc (10 mL). The solution was washed with saturated 
NaHC03 solution and brine, dried with MgS04 and evaporated in vacuo 

20 to give a white solid which was dissolved in THF (5 mL). 

Cyclohexylacetic acid (0.027 g), HOBt (0.026 g) f N-methylmorpholine 
(1 00 iiL), and EDCI (0.37 g) were added. DMF (1 mL) was added and 
the mixture stirred at ambient temperature for 18 hours. The solvent was 
evaporated under reduced pressure and the residue taken up in EtOAc 

25 (10 mL). The solution was washed with saturated NaHC03 solution and 
brine, dried with MgS04 and evaporated in vacuo to give a white solid 
(105 mg). 
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2-/riRV1-rN-r<^ctohexvlaeetyl^-Leuevl-aminQ]-2-findol-3-vnethy^-S- 

methyl-imidazole-4-carboxvlic acid 
The compound resulting from Example 20A (1 00 mg) was 
5 dissolved in THF (3 mL) and a solution of LiOH (0.1 g) in H 2 0 (3 mL) 

* 

was added. The mixture was heated in a Carius tube at 1 10 °C for 15 
hours. The solvents were evaporated under reduced pressure and the 
residue taken up in 1 H H3PO4 (5 mL). The suspension was dissolved 
in water and acetonitrile, and the product purified by preparative HPLC 

10 (Vydac nCI 8) eluting with a 1 0-70% gradient of CH3CN in 0.1 % TFA. 
The desired fractions were lyophilized to give the product as a white 
solid. 1 H NMR (CD3OD, 300 MHz) of the major diastereomer 5 0.76 (d, 
3H, J=7Hz). 0.78 (d, 3H, J=7Hz), 0.89 (m, 3H), 1.1-1.5 (m, 7H), 1.58 (m, 
6H), 2.00 (d. 2H, J=8Hz), 2.52 (s, 3H), 3.30 (m, 2H), 4.35 (m. 1 H), 5.40 

15 (m. 1 H), 6.05 (m, 1 H), 7.00 (s, 1 H), 7.05 (m, 1 H), 7.30 (d. 1 H, J=7Hz), 
7.44 (d, 1 H, J«7Hz). MS (DCI/NH3) m/e 522 (M+H)+. Anal calcd for 
C29H39N5OS • 1.25 TFA: C. 56.97; H, 6.1 1 ; N, 10.54. Found: C, 57.10; H, 
6.36; N, 10.70. 

1 

20 Example 21 

2-f ( 1 RH -fN-f CvcloheDtvlcarbonvn-Leucvl.aminQy2.findol-3-vhethyl}.S. 

methvl-imidazole-4-carboxylic acid 
The title compound was prepared according to the procedures 
described in Example 20 but substituting cycloheptanecarboxylic acid 

25 for cydohexaneacetJc acid in Example 20A 1 H NMR (CD3OD, 300 
MHz) of the major diastereomer 8 0.76 (d, 3H, J=7Hz), 0.78 (d, 3H, 
J=7Hz), 1.2-1.8 (m, 15H), 2.42 (m, 1H), 2.51 (s, 3H). 3.53 (m, 2H), 4.18 
(dd, 1 H, J=6Hz,8Hz), 5.38 (m, 1H), 7.02 (m, 1 H), 7.07 (m, 1H), 7.33 (m, 
2H), 7.45 (d, 1H. J=7Hz). MS (DCI/NH3) m/e 522 (M+H)+. Anal calcd for 

30 C29H39N5O5 • 1.25 TFA: C. 56.97; H, 6.1 1 ; N, 10.54. Found: C, 56.87; H. 
6.31 ;N, 10.46. 
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i-2-v>acetvn-Leucvl-amino1-2-nndol-3-vhethyl}-5- 
methyl-imidazole-4-carboxylic acid 
The title compound was prepared according to the procedures 
5 described in Example 20 but substituting 2-norbornylacetic acid for 
cyclohexylacetic acid in Example 20A. 1 H NMR of the major 
diastereomer (CD3OD, 300 MHz) 5 0.83 (d, 3H, J=6Hz), 0.91 (d, 3H, 
J=6Hz), 1.0-1.2 (m, 4H), 1.3-1.5 (m, 7H), 1.8-2.2 (m, 5H), 2.50 (s, 3H), 
3.3-3.5 (m, 2H), 4.23 (m, 1H), 5.34 (ddd, 1H, J=3Hz,7Hz,8Hz), 7.01 (dt, 
10 1 H, J=1 Hz.8Hz), 7.1 0 (dt, 1 H, J=1 Hz,8Hz), 7.1 1 (s, 1 H), 7.35 (d, 1 H, 
J=8Hz), 7.43 (d, 1 H, J=8Hz). MS (DCI/NH3) m/e 534 (M+H)+. Anal 
calcd for C30H39N5O4 •• 1.7 TFA: C, 55.14; H, 5.64; N, 9.63. Found: C, 
55.26; H, 5.73; N, 9.82. 

15 Example 23 

2-ff 1 m-1 -rN.r4.Methoxvphenvlacetvn-Leu cvl-aminoV2-nndol-3. 
vnethvn-5-methyl-imidazole-4-carboxvlic acid 
The title compound was prepared according to the procedures 
described in Example 20 but substituting 4-methoxyphenylacetic acid 
20 for cyclohexylacetic acid in Example 20A. 1 H NMR of the major 

diastereomer (DMSO-d 6 , 300 MHz) 6 0.76 (d. 3H, J=6Hz), 0.82 (d, 3H, 
J=6Hz), 1.1-1.4 (m, 3H), 2.32 (s, 3H), 3.2-3.4 (m, 4H), 3.69 (s, 3H). 4.27 
(m, 1 H), 5.06 (m, 1 H), 6.80 (td, 2H, J=2Hz,9Hz), 6.91 (s, 1 H), 6.95 (dt, 
1H, J=1Hz,8Hz), 7.04 (dt, 1H, J=1Hz,8Hz), 7.13 (td, 2H, J=2Hz,9Hz), 
25 7.29 (d, 1 H, J=8Hz), 7.57 (dd. 1 H, J=1 Hz,8Hz). MS (DCI/NH3) m/e 546 
(M+H)+. Anal calcd for C30H35N5O5 • 1 .4 TFA: C, 55.86; H, 5.20; N, 
9.93. Found: C, 55.50; H, 5.39; N, 1 0.04. 
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24nR^1-fN-r3.3-Dimethvlbutvrvn-Leucvl-amino)-2-(i ndol-3-vheth y i^s. 

methvl-imida20le-4-carboxvlic add 

The title compound was prepared according to the procedures 
5 described in Example 20 but substituting 3,3-dimethylbutyric acid for 
cyclohexylacetic acid in Example 20A. 1 H NMR of the major 
diastereomer (CD3OD, 300 MHz) 6 0.78 (d, 3H, J=6Hz), 0.82 (d, 3H, 
J=6Hz), 0.95 (s, 9H), 1.1-1.4 (m, 3H), 2.08 (s, 2H), 2.49 (s, 3H), 3.4 (m. 
4H), 4.20 (m, 1H), 5.20 (m, 1H), 6.98 (t, 1H, J=7Hz), 7.08 (s, 1H), 7.12 (t, 
10 1 H, J=7), 7.33 (d, 1 H, J=8Hz), 7.45 (d, 1 H, J=8Hz). MS (DCI/NH3) m/e 
496 (M+H)+. Anal calcd for C27H37N5O4 • 1.35 TFA: C, 54.92; H, 5.95; 
N, 10.78. Found: C, 54.72; H, 6.33; N, 10.95.' 



15 2-ff1RV1-rN-f2-ProDvlvalervn-LeuwUaminQT-2.findol.a. v hftth v n.S. 

methvl-imidazote-4-carboxylift arid 
The title compound was prepared according to the procedures 
described in Example 20 but substituting 2-propylpentanoic acid for 
cyclohexylacetic acid in Example 20A. 1 H NMR of the major 

20 diastereomer (CD3OD, 300 MHz) 8 0.85 (m, 1 2H). 1 . 1 -1 .6 (m, 1 1 H), 2.28 
(m, 1H), 2.49 (s. 3H), 3.55 (m, 2H), 4.26 (dd, 1H, J=6Hz,9Hz), 5.33 (dd, 
1H, J=6Hz,7Hz), 7.00 (t, 1H, J=7Hz), 7.08 (s. 1H), 7.10 (t, 1H, J=7Hz), 
7.29 (d, 1H, J=7Hz), 7.42 (d, 1H. J=7Hz). MS (DCI/NH3) m/e 524 
(M+H)+. Anal calcd for CfegHuNsC^ • 1.10 TFA • 1.0 H2O: C, 56.02; H. 

25 6.68; N, 10.47. Found: C, 56.00; H, 6.71 ; N, 1 0.40. 
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Example 26 

2-f M RM -f N-r3-Pvri dvlcarfaonvh-Leucyl-aminol-2-findol-3-ynethyl)-5- 

methyl-imidazole-4-carboxvlic acid 
The title compound was prepared according to the procedures 
5 described in Example 20 but substituting nicotinic acid for 
cyclohexylacetic acid in Example 20A. 1 H NMR of the major 
diastereomer (CD3OD, 300 MHz) 8 0.83 (d, 3H. J-6H2), 0.85 (d, 3H, 
J=6Hz), 1.3-1.7 (m, 3H), 2.52 (s, 3H), 3.55 (m, 2H), 4.55 (dd, 1 H, 
J=6Hz,7Hz), 5.42 (dd, 1H, J=6Hz,7Hz), 7.0 (t. 1H, J=7Hz), 7.08 (t, 1H, 
10 J=7Hz), 7.1 2 (s, 1 H), 7.35 (d, 1 H, J=8Hz), 7.62 (d, 1 H, J=8Hz), 8.32 (t, 

IH, J=7Hz), 8.72 (t, 1H, J=7Hz), 9.01 (d, 1H. J=7Hz). MS (DCI/NH3) m/e 
503 (M+H)+. Anal calcd for C27H30N6O4 • 2.1 TFA: C, 50.50; H, 4.36; N, 

II. 33. Found: C, 50.33; H, 4.59; N, 11.44. 

15 Example 27 

2-(HRV1-fN-fCvclohexylaminocarbQnvn-Leucvl-aminQl-2-M-methvl- 
indot-3-ynethylJ-5-methyl-imidazole-4-carboxvlic acid 

Example 27A 

20 2-{ (J RM -f Fmoc-amlnot-2-H -methvl-indol-3-yltethyl)-5-methyl- 

lmidazole-4-carpoxylic acid benzvl ester 
N-(Diphenylmethylene)glycine benzyl ester (4.1 g) was dissolved 
in THF (25 mL) and the solution cooled to -78 °C. Lithium 
hexamethyldisilazide (12.5 mL, 1 f± solution in THF) was added slowly 

25 over 10 minutes, and the resulting yellow slurry was stirred at -78 °C for 
30 minutes. The slurry was then transferred via cannula to a solution of 
acetyl chloride (0.93 mL) in THF (25 mL) at -78 °C . After the addition 
was complete, the reaction was allowed to warm to room temperature 
and stirring was continued for four hours. The reaction was then 

30 quenched with 2 M HCI (1 5 mL). The THF was evaporated and the 
resulting aqueous solution was washed with EtOAc (2 x 50 mL). The 
organic phases were discarded and the aqueous phase was 
concentrated in vacuo. The resulting slurry was treated with EtOH (1 00 
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mL) and the insolubles filtered off. The filtrate was evaporated to give 2- 
acetylglycine benzyl ester hydrochloride as a yellow solid which was 
used without further purification. 

Fmoc-D-(1-methyl)-Tryptophan (5.75 g), prepared by the method 
5 of Cook, et a!., Chem. Pharm. Bull. 12 88 (1965), was dissolved in THF 
(20 mL) and the solution cooled to -20 °C. N-Methylmorpholine (1.45 
mL) was added followed by the dropwise addition of 
isobutylchloroformate (1 J mL). After the addition was complete, the 
reaction was stirred for 30 minutes at -20 °C at which time the bath was 

10 removed. The 2-acetylglycine ester from above was dissolved in DMF 
(20 mL) and added to the mixed anhydride. N-Methylmorpholine (1 .45 
mL) was then added via syringe pump over a one hour period. After the 
addition was complete, the reaction was allowed to stir at room 
temperature for one hour. Water (75 mL) was added and the layers 

15 separated. The organic layer was washed with saturated NaHC03 
solution, 1 U H3PO4 and brine, dried with MgS04. and evaporated 
under reduced pressure to give an orange oil which was purified by 
flash chromatography on silica gel eluting with 15% EtOAc-hexane to 
give the product as a yellow solid (3.85 g, 49% yield for the two steps). 

20 

Example 27P 

2-fM RM-iFmoc-aminoV2-(1 -methyl-indol-3-yl>ethyl]-5-methyl- 
imidazole-4-carboxvlic acid benzyl ester 
The compound resulting from Example 27A (5.0 g) was dissolved 
25 in acetic acid (25 mL). Ammonium acetate (4.0 g) was added and the 
mixture heated at reflux for 16 hours. After cooling, the solvent was 
evaporated under reduced pressure and the residue taken up in 
saturated NaHC03 solution and extracted with EtOAc. The combined 
organic extracts were dried over MgSC>4 and evaporated in vacuo. The 
30 resulting orange oil was purified by flash chromatography on silica gel 
eluting with 25% EtOAc-hexane to afford 1 .10 g (23%) of the title 
compound; 



11/28/06, EAST Version: .2.1.0.14 



WO 95/08550 



PCT/US94/10049 



-69- 

Example 27C 
2-H1 ffl-1 -Amino-2-M-methvl-indol-^vhe^^^^ 

carboxvlic acid benzvl ester 
The imidazole resulting from Example 27B (80 mg) was 
5 suspended in 3 mL of THF. Piperidine (0.3 mL) was added, and the 
resulting solution was stirred at ambient temperature for 45 minutes. 
The solvents were removed in vacuo, and the residue was triturated with 
hexanes, filtered, and dried under vacuum for 15 minutes to afford the 
title compound (50 mg, 1 00% yield). 

10 

Example 27D 
N-fCvclohexvlaminocarbonvh-Leunine 
Leucine benzyl ester -pTsOH (100 mg) was dissolved in CHCI3 
(2 mL). Et3N (51 mg, 75 fiL) was added and the solution cooled to 0 °C 

15 in an ice bath. Carbonyldiimidazole (41 mg) was added and the 
solution stirred at 0 °C for one hour. The bath was removed, and the 
solution was stirred an additional one hour at room temperature, 
Cyclohexylamine (44 mg, 50 jiL) was added and the solution stirred 
overnight at room temperature. The solution was washed with saturated 

20 NaHCQ3 solution, 1 U H3PO4 and brine, dried with MgS0 4 , and 
evaporated under reduced pressure to give a white solid which was 
purified by flash chromatography on silica gel eluting with 25% EtOAc- 
hexane to give N-(cyclohexylaminocarbonyl)-leucine benzyl ester (75 
mg, 88%). The ester was cfissolved in EtOH (5 mL), the solution was 

25 purged of oxygen, 10% Pd/C (0.10 g) was added, and the mixture was 
stirred under hydrogen for two hours. The solvent was removed in 
vacuo and the residue taken up in EtOAc and filtered through Celite® to 
remove the catalyst. The solvent was evaporated in vacuo to give the 
carboxylic arid as a white solid (50 mg, 90%). 

30 
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Example 27E 

2-( (J RM -rN-/CvclQhexvlaminocarfaonyl\.LeuevUamin oV2-M -methyl- 
i^dQ^3-v^ethvn-5-methvl-imida20le-4-carboxvlic acid ben?vl ester 
The crude amine resulting from Example 27C (50 mg) was 
dissolved in THF (10 mL). HOBt (18 mg), N-(cyclohexylaminocarbonyl)- . 
Leucine resulting from Example 27D (32 mg) and EDCI (25 mg) were 
added. N-Methylmorpholine (1 0 \±) and DMF (1 mL) were added and 
the mixture stirred at room temperature for 18 hours. The solvent was 
evaporated under reduced pressure and the residue taken up in EtOAc. 
The solution was washed with saturated NaHC03 solution, 1 N H3PO4 
and brine, dried with MgS04, and evaporated in vacuo to give a yellow 
oil was purified by flash chromatography on silica gel eluting with 50% 
EtOAc-hexane to give the title compound (67 mg, 85 %). 

Example 27F 

2-f f 1 m-1 -rN-rCvclQheyylaminocarfaonvn-Leucvl-a minol-2-M -methyl- 
indol-3-vnethvn-5-methvl-i mida2ole-4-ftarbQXvlic acid 

To the benzyl ester resulting from Example 27E (65 mg) 
dissolved in 20 mL of ethanol was added 50 mg of 10% palladium on 
carbon. The flask was fitted with a three-way stopcock connected to a 
hydrogen-filled balloon and a nitrogen/vacuum manifold. The flask was 
evacuated, filled with nitrogen, evacuated again, and then put under a 
hydrogen atmosphere. The mixture was stirred at ambient temperature 
for 14 hours. The hydrogen was evacuated and the flask filled with 
nitrogen. The catalyst was removed by filtration through a pad of 
Celite® and the solvent removed in vacuo. The crude product was 
purified by preparative HPLC (Vydac nC18) eluting with a 10-70% 
gradient of CH3CN in 0.1% TFA. The appropriate fraction was 
lyophilized to give the product as a white solid (34.7 mg, 62 %). iH 
NMR (CD3OD, 300 MHz) of major tautomer 8 0.75 (d, 3H, J=7Hz), 0.78 
(d, 3H, J=7Hz), 1.1-1.4 (m, 8H), 1.5-1.9 (m, 6H), 2.53 (s, 3H), 3.33 (m, 
1 H), 3.50 (m, 2H), 3.77 (s,3H), 4.03 (t, 1 H, J=8Hz), 5.40(dd, 1 H, 
J=6Hz,10Hz), 7.04 (ddd, 1H, J=1 Hz,7Hz,8Hz), 7.06 (s, 1H),7.18 (ddd 
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1 H, J=1 Hz,7Hz,8Hz), 7.35 (d, 1 H. J=8Hz), 7.47 (d, 1 H. J=8Hz). MS 
(FAB/NBA) m/e 599 (M+Cu)+. Anal calcd for C29H 4 oN 6 0 4 • 1 .7 TFA: C, 
53.27; H, 5.75; N, 1 1 .50. Found: C, 53.25; H, 6.01 ; N, 11 .77. 

5 Example 28 

2-(MRM-fN-re/itfo-2-Norbornvlamlnocarbonyn -Leucvl-aminn]-9-(l- 
methvl-indol-3-vltethvl>-S-methvt-imida7Qle-4-carbQyvliftflriri 
The title compound was prepared according to the procedures 
described in Example 27 but substituting encfo-2-norbornylamine for 
10 cyclohexylamine in Example 27D. The crude material was purified by 
preparative HPLC (Vydac uC18) eluting with a 0-80% gradient of 
CH 3 CN in 0.1% TFA. The desired fractions were lyophilized to give the 
title compound as a white solid (29 mg). 1H NMR (CD3OD, 300 MHz) of 
one diastereomer 8 0.76 (d, 3H, J=6Hz), 0.78 (d, 3H, J=6Hz), 1 .2-1 .6 
15 (m, 10H), 2.00 (m, 1H), 2.17 (m, 1H), 2.34 (m, 1H), 2.51 (s. 3H). 3.32 (dd, 
1H, J=1 0,15Hz), 3.55 (dd, 1H, J=6,15Hz), 3.76 (s, 3H), 3.91 (m, 1H). 
4.03 (dt, 1H, J=3,7Hz), 5.38 (ddd, 1H, J=3,7,9Hz), 7.04 (ddd, 1H, 
J=1 ,7,8Hz), 7.06 (s, 1 H), 7.18 (dt, 1 H, J=1 ,7Hz), 7.35 (d, 1 H. J=8Hz), 
7.46(d,1H,J=8Hz). MS (FAB/NBA) m/e 549 (M+H)+. Anal calcd for 
20 C30H40N6O4 • 1 .6 TFA: C, 54.54; H, 5.74; N, 1 1 .49. Found: C, 54.21 ; H, 
5.76; N, 11.57. 

Example 29 

2-fMm-1-fN-fexo-2-Norbomvlaminocarh onvh-Leucvl-amino1-2-M- 
methvl-indol-3-vnethvft-5-methvl-imida7nlft.A.carbQxvliearirl 
The title compound was prepared according to the procedures 
described in Example 27 but substituting ew-2-norbornylamine for 
cyclohexylamine in Example 27D. The crude material was purified by 
preparative HPLC (Vydac uC18) eluting with a 0-80% gradient of 
CH3CN in 0.1% TFA The desired fractions were lyophilized to give the 
title compound as a white solid (45 mg). 1 H NMR (CD3OD, 300 MHz) of 
one diastereomer 6 0.75 (d, 3H, J=6Hz), 0.77 (d, 3H, J=6Hz), 1.1-1.5 
(m, 10H), 1.70 (m, 1H), 2.13 (m, 1H), 2.24 (m, 1H), 2.53 (s, 3H), 3.33 (dd, 



25 



30 
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1H, J=10,15Hz), 3.49 (m, 1H), 3.57 (m, 1H), 3.77 (s, 3H), 4.02 (dt, 1H, 
J=1 ,7Hz), 5.39 (ddd, 1 H, J=2.6,8Hz), 7.04 (dt, 1 H, J=1 ,7Hz), 7.06 (s, 1 H). 
7.1 7 (dt, 1 H, J=1 ,7Hz), 7.35 (d. 1 H, J=8Hz), 7.46 (d, 1 H, J=8Hz). MS 
(FAB/NBA) m/e 549 (M+H)+. Anal calcd for C30H40N6O4 • 1.9 TFA: C, 
5 53.05; H, 5.52; N, 1 0.98. Found: C, 52.77; H, 5.97; N, 1 1 .46. 

Example 30 

2-{riRV1-fN-^ftans^Hvdr Qxyevclohexylaminocarbonvn-Leucy|.aminoV 
2.(1 .methvl-ind Ql-3-yhethvl}-S-methvl-imidazole-4-carboxylic acid 

10 The title compound was prepared according to the procedures 

described in Example 27 but substituting trans-A- 
hydroxycyclohexylamine for cyclohexylamine in Example 27D. The 
crude material was purified by preparative HPLC (Vydac uC18) eluting 
with a 0-80% gradient of CH3CN in 0.1% TFA The desired fractions 

15 were lyophilized to give the title compound as a white solid (1 8 mg). 1 H 
NMR (CD3OD, 300 MHz) of major tautomer 8 0.75 (d, 3H, J=6Hz), 0.77 
(d, 3H, J=6Hz), 1.1-1.4 (m, 7H), 1.8-2.0 (m, 4H), 2.52 (s, 3H), 3.33 (dd, 
1H, J=1 2,15Hz), 3.49 (m, 2H), 3.56 (dd. 1 H, J=7,15Hz), 3.77 (s, 3H), 
4.03 (t, 1H, J=7Hz), 5.40 (dd, 1H, J=6.9Hz), 7.04 (dt, 1H, J=1,7Hz), 7.06 

20 (s, 1 H), 7.1 7 (dt, 1 H, J=1 ,7Hz). 7.35 (d. 1 H, J=8Hz), 7.47 (d, 1 H, J=8Hz). 
MS (FAB/NBA) m/e 553 (M+H)+ Anal calcd for C29H40N6O5 • 1 .5 TFA: 
C, 53.1 1 ; H, 5.78; N, 1 1 .61 . Found: C, 52.98; H, 6.03; N, 1 1 .74. 

Example 31 

25 2-{MRM-fN-f2-MQthvlcvd^ 

methvl>indQl>3-vhethyl]>5-methvl-imida2Qle-4^rbQ)Cvlic acid 
The title compound was prepared according to the procedures 
described in Example 27 but substituting 2-methylcyclohexylamine 
(mixture of ofs and trans) for cyclohexylamine in Example 27D. The 
30 crude material was purified by preparative HPLC (Vydac jiC 1 8) elating 
with a 0-80% gradient of CH3CN in 0.1% TFA. The desired fractions 
were lyophilized to give the title compound as a white solid. 1 H NMR 
(CD3OD, 300 MHz) consistent with structure of the four isomers 5 2.50 



1 
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(s, 3H), 3.77 (s, 3H), 7.03 (t, 1H, J=8Hz), 7.06 (s. 1H), 7.17 (t, 1H, J=8Hz), 
7.33 (d. 1H, J=8Hz), 7.48 (d, J=8Hz). MS (FAB/NBA) m/e 551 (M+H)+. 
Anal calcd for C30H42N6O4 • 1 .6 TFA: C, 54.39; H, 5.99; N, 1 1 .46. 
Found: C, 54.54; H, 6.24; N, 1 1 .39. 

5 

Example 32 

2-(riRV1-fN-r3-Methvlcvclohexvlaminocarbonvn-Leucvl-anriino1-2-ri- 
fnethvMndol-3-vhethvlT-5-methvl-imida20l6.4.carfaQxvlic add 

The title compound was prepared according to the procedures 
10 described in Example 27 but substituting 3-methylcyclohexylamine 
(mixture of crs and trans) for cyclohexylamine in Example 27D. The 
crude material was purified by preparative HPLC (Vydac U.C18) editing 
with a 0-80% gradient of CH3CN in 0.1 % TFA The desired fractions 
were lyophiiized to give the title compound as a white solid. 1 H NMR 
15 (CD3OD, 300 MHz) consistent with structure of the four isomers 5 2.50 
(s, 3H), 3.76 (s, 3H), 7.0 (t, 1H, J=8Hz), 7.03 (s, 1H), 7.16 (t, 1H. J=8Hz), 
7.32 (d, 1H, J=8Hz), 7.50 (d f J=8Hz). MS (FAB/NBA) m/e 551 (M+H)+ 
Anal calcd for C30H42N6O4 • 1 .5 TFA: C, 54.92; H, 6.08; N, 1 1 .64. 
Found: C. 55.08; H, 6.20; N, 1 1 .70. 

20 

Example 33 

2-K 1 R)-1 -rN-f4-Methvlcvclohexvlaminocarbonvh-Leucvl-aminoy2-ri - 
methvl-indol-3-vnethvlT-5-methvl-imida2Qle-4-camoyvlic acid 
The title compound was prepared according to the procedures 
25 described in Example 27 but substituting 4-methylcyclohexylamine 
(mixture of crs and trans) for cyclohexylamine in Example 27D. The 
crude material was purified by preparative HPLC (Vydac uC18) eluting 
with a 0-80% gradient of CH3CN in 0.1% TFA. The desired fractions 
were lyophiiized to give the title compound as a white solid (28 mg). 1 H 
30 NMR (CD3OD, 300 MHz) of mixture 5 0.76 (m, 6H), 0.91 (apparent t, 
3H), 1.0-1.9 (m, 12H), major isomer 2.52 (s, 3H), 3.33 (m, 1H), 3.56 (dd, 
1H, J=7.15Hz), 3.76 (s, 3H), 3.78 (m, 1H), 4.03 (m, 1H), 5.20 (dd. 1H, 
J=6,9Hz), 7.04 (dt, 1 H, J=1 ,7Hz), 7.05 (s, 1 H), 7.1 8 (dt, 1 H, J=1 ,7Hz), 
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7.35 (d, 1 H, J=8Hz), 7.47 (d, 1 H, J=8Hz). MS (DCI/NH3) m/e 551 
(M+H)+. Anal calcd for C30H42N6O4 -1.1 TFA: C, 57.20; H, 6.43; N, 
12.43. Found: C, 57.27; H, 6.45; N, 12.30. 

5 Example 34 

2-{MRV1-ffN-(>clopentvlaminocarbonvn-Leucvl-aminoV2-ri-metrivl- 
8ndol-3-vhethvn-5-methyHmidazole.4-carboxvlic add 

The title compound was prepared according to the procedures 
described in Example 27 but substituting cyclopentylamine for 

10 cyclohexylamine in Example 27D. The crude material was purified by 
preparative HPLC (Vydac u£1 8) eluting with a 0-80% gradient of 
CH3CN in 0.1% TFA. The desired fractions were lyophilized to give the 
title compound as a white solid. 1 H NMR (CD30D, 300 MHz) of major 
tautomer 5 0.72 (d, 3H, J=7Hz), 0.75 (d, 3H, J=7Hz), 1.1-1.5 (m, 6H), 

15 1 .5-1 .8 (m, 5H), 2.48 (s, 3H), 2.72 (s, 3H), 3.1 8 (m, 1 H), 3.58 (m, 2H), 
3.72 (s,3H), 4.05 (t, 1H, J=8Hz), 5.36(dd, 1H, J=6Hz,10Hz), 6.95 (s, 1H), 
7.0 (t, 1H, J=8Hz), 7.15 (t, 1H, J=8Hz), 7.30 (d, 1H, J=8Hz), 7.54 (d, 1H, 
J=8Hz). MS (DGI) m/e 523 (M+H)+. Anal calcd for C28H38N6O4 • 1 .55 
H20, 1 .1 0 TFA: C, 53.66; H, 6.29 N, 12.43. Found: C, 53.96; H, 6.55; N, 

20 12.04. 

* 

Example 35 

2-H1 m-1-f/N-CvcloheDtvlaminocarbonvlVLeucvl-amino1-2-ri -methvl- 
indol-3-yhethvn-5-methvl-imidazole-4-carboxvBc acid 

25 The title compound was prepared according to the procedures 

described in Example 27 but substituting cycloheptylamine for 
cyclohexylamine in Example 27D. The crude material was purified by 
preparative HPLC (Vydac u£18) eluting with a 0-80% gradient of 
CH3CN in 0.1% TFA. The desired fractions were lyophilized to give the 

30 title compound as a white solid. 1 H NMR (CD3OD, 300 MHz) of major 
tautomer 8 0.72 (d, 3H, J=7Hz), 0.75 (d, 3H, J=7Hz), 1 .1-1 .5 (m, 10H), 
1.5-1.8 (m, 5H), 2.48 (s. 3H), 2.72 (s, 3H), 3.18 (m, 1H), 3.58 (m, 2H), 
3.72 (s,3H), 4.05 (t, 1H, J=8Hz), 5.36(dd, 1H, J=6Hz,10Hz), 6.95 (s, 1H), 
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7.0 (t, 1H, J=8Hz), 7.15 (t, 1H, J=8Hz), 7.30 (d, 1H. J=8Hz), 7.54 (d, 1H, 
J=8Hz). MS (ESI) m/e 551 (M+H)+. Anal calcd for C30H42N6O4 • 1 .5 
H20, 0.5 TFA: C, 58.66; H, 7.23; N, 13.24. Found: C, 58.35; H, 7.35; N, 
13.45. 

5 

Example 36 

2-f i 1 RH -rN-f N-Cvclohexvl-N-methvlaminocarbonvn-l m >cvl-amino]-2- 
(1 -methvl-indQl-3-vhethvl1-5-methvl-imida?ole-4-carfaoxvlifi ariri . 

The title compound was prepared according to the procedures 
10 described in Example 27 but substituting N-methylcyclohexylamine for 
cyclohexylamine. The crude product was triturated with 50% diethyl 
ether/hexane, dissolved in acetonitrile and water and then lyophilized. 
1H NMR (CD3OD, 300 MHz) of major tautomer 8 0.72 (d, 3H, J=7Hz), 
0.75 (d, 3H, J=7Hz), 1.1-1.5 (m, 8H), 1.5-1.8 (m, 5H), 2.48 (s, 3H), 2.72 
15 (s. 3H), 3.1 8 (m, 1 H), 3.58 (m, 2H), 3.72 (s,3H), 4.05 (t, 1 H, J=8Hz), 
5.36(dd. 1H, J=6Hz,10Hz), 6.95 (s, 1H), 7.0 (t, 1H, J=8Hz), 7.15 (t, 1H, 
J=8Hz), 7.30 (d, 1 H, J=8Hz), 7.54 (d, 1 H, J=8Hz). MS (FAB/NBA) m/e 
551 (M+H)+. Anal calcd for C30H42N6O4 ■ 2 H 2 0: C, 61 .41 ; H, 7.90; N, 
14.32. Found: C. 61.60; H, 7.77; N, 14.33. 

20 

Example 37 

2-IM RH -rrN-Cvclohexvlaminocarbonvn-L eucvl-aminol-2-M -ethvl-inriol- 

3-vnethvn-5-methvl-imida?ole-4-carbQxvlif; arid 
The title compound was prepared according to the procedures 
25 described in Example 27 but substituting Fmoc-D-(1-ethyl)Tryptophan 
for Fmoc-D-(1 -methyl)Tryptophan in Example 1A. The crude product 
was purified by preparative HPLC (Vydac uC18) eluting with a 10-70% 
gradient of CH3CN in 0.1% TFA. The appropriate fraction was 
lyophilized to give the product as a white solid. MS (DCI/NH3) m/e 551 
30 (M+H)+. 

r 



11/28/06, EAST Version: 2.1.0.14 



WO 95/08550 PCT/US94/10049 



-76- 
Exampla 38 

2-{ ( 1 RM -fN-fHomoD ipflridin-1 -vlcarbonvn-Leucvl-aminol-2-(indol-3- 

ynftth y iyimida7ole-4.5-dicarboxvlic acid 
The title compound was prepared by the procedures described in 
5 Example 1 but substituting trifluoroacetyl chloride for acetyl chloride in 
Example 1 A. Saponification of the ethyl ester gives the dicarboxylic 
acid through concomitant hydrolysis of the trifluoromethyl group. 1 H 
NMR (CD3OD, 300 MHz) 6 0.94 (d, 3H, J»6Hz), 0.97 (d, 3H, J=7Hz), 1.3- 
1.4 (m. 2H), 1.49 (m, 5H), 1.67 (m, 4H), 3.3-3.6 (m, 6H), 4.35 (dd, 1H, 
10 J=5Hz,1 0Hz), 5.39 (t, 1 H, J=8Hz), 6.98 (dt, 1 H, J=1 Hz,8Hz), 7.06 (s, 1 H), 
7.10 (dt, 1H, J=1Hz,8Hz). 7.36 (d. 1H, J=8Hz), 7.42 (d, 1H, J=8Hz). MS 
(DCI/NH3) m/e 553(M+H)+. HRMS Calcd for C28H37N6O6: 553.2775. 
Found: 553.2772. 



Example 39 

2-{2R-fN-rHomopiperidin-1-vlcarbonvl>-Leucvl-aminoV3-findol-3- 
ynpropyr)-S-methyl-imidazolQ-4-carboxvlic acid 

Example 39A 
Cta-«-hQmp-D-TrYptpphan 

Cbz-D-Tryptophan (2.69 g, 8.1 mmol) was dissolved in THF (50 
mL) and cooled to -20 °C. N-methylmorpholine (0.9 mL, 8.1 mmol) and 
isobutyl chloroformate (1.05 mL, 8.1 mmol) were added. The slurry was 
stirred at -20 °C for 40 minutes, and then filtered through Celite® to 
remove the precipitate. The Celite® was washed with ice cold THF. 

Ethereal diazomethane (250 mL of -0.3 N solution) was cooled to 
-20 °C in a 500-mL clearseal round-bottom flask. The above mixed 
anhydride solution was added dropwise over 1 5 minutes. After 1 5 
minutes of additional stirring, the bath was removed and the solution 
allowed to warm to ambient temperature over 1 50 minutes. The 

« 

solvents were removed in vacuo; and the residue was taken up in EtOAc 
and washed with water and brine. The organic phase was dried over 
Na2S04 and evaporated in vacuo. The crude product was dissolved in 



11/28/06, EAST Version: 2.1.0.14 



WO 95/08550 



PCT/US94/10049 



-77- 

methanol (1 00 mL). A solution of silver benzoate (1 .0 g) in 
triethylamine(1 0 mL) (filtered through a short pad of Celite®) was added 
over a 5 minute period. After stirring for 60 minutes the solution turned 
dark brown. The solvents were removed in vacuo; and the residue was 
5 stirred with 120 mL of a 1 :1 water-ethyl acetate mixture for 1 0 minutes 
and then filtered through a pad of Celite®. The organic layer was 
washed with brine, dried over Na2S04 and evaporated in vacuo. The 
crude product was purified by flash chromatography on silica gel eluting 
with a gradient of 3:1 going to 1 :1 hexanes-ethyl acetate to elute the 
10 product (2.63 g, 89% yield) as a colorless oil. 

A portion of the above material (1 .10 g, 3.0 mmol) was dissolved 
in THF (15 mL). A solution of LiOH (0.1 5 g) in water (5 mL) was added. 
The mixture was stirred at ambient temperature for 3 hours, and then 
heated to 40 °C for 2 hours. The organic solvent was removed in vacuo; 
15 the solution was neutralized with 1 M H3PO4 and extracted with EtOAc 
to give the crude acid, which was used without further purification. 

Example 39B 

2-f2R.fN.mnmoDiDeridin-1- vlcarbonvn-Leucvl-amino1-3-findQ|.3. 
vnDroDvlt-5-methvl-imidazole- 4-carboxvlic acid 

The title compound was prepared by the procedures described in 
Example 1 but substituting the compound resulting from Example 39A in 
Example 1 A 1 H NMR of major tautomer (CD3OD, 300 MHz) 8 0.77 (d, 
3H, J=6Hz), 0.80 (d, 3H, J=6Hz), 1.15-1.3 (m, 2H), 1.54 (m, 4H), 1.69 (m, 
5H), 2.49 (s, 3H), 2.95 (dd, 1H, J=9Hz,1 5Hz), 3.07 (m, 2H), 3.2-3.5 (m, 
5H), 4.02 (dd, 1H, J=6Hz,9Hz), 4.62 (m, 1H), 7.01 (dt, 1H, J=1Hz,8Hz), 
7.09 (dt, 1H, J=1Hz,8Hz), 7.09 (s, 1H), 7.32 (d, 1H, J=8Hz), 7.56 (d, 1H, 
J=8Hz). MS (FAB+NBA) m/e 537 (M+H)+. HRMS Calcd. for 
C29H41N6O4: 537.3189. Found: 537.3192 . 
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Fxample 40 

1 R>-1 -fN-m-momo pinaridin-1 -vIcarbonvllLeucvllN-methvlaminol- 
9.(1 . m pthyl-indQl-3 -Ynftthv»-5-mflthvl.imida2ole-4-carboxvlic acid 

5 Fxample 4QA 

f.h y .n-^N ffl N i -riimftthvl\-TrvptQDhan. 

Sodium hydride (1 .8 g, 60 mmol, 80% oil dispersion, washed 
twice with hexanes) was suspended in THF (25 mL) and cooled to 0 °C. 
A solution of Cbz-D-Tryptbphan (5.4 g, 16 mmol) in THF (25 mL) was 

10 added over 10 minutes. After gas evolution ceased, four 2-mL portions 
of methyl iodide were added over 10 minutes. The bath was removed, 
and the mixture allowed to warm to ambient temperature over 3 hours. 
The mixture was transferred slowly into an ice cold 3% citric acid 
solution. The volatile organics were removed in vacuo, EtOAc (50 mL) 

15 was added, and the aqueous phase was decanted. The organics were 
extracted with 0.25 M NaOH (100 mL). The aqueous extract was 
acidified with 1 H H3PO4 and extracted twice with EtOAc. The organic 
extracts were washed with saturated NaHCC>3 solution, dried over 
Na 2 S04, and concentrated in vacuo to afford the crude product, which 

20 was used without further purification. 

Example 40B 

m-1 ■[ N-JN-f HomoD iperidin-1 -vlcaifconvlVLeucvn-N-methvlaminol- 

2-H -methvMndol-a-vhethvn-5 -methvl-imida2ole-4-carboxvlic acid 
25 The title compound was prepared by the methods described in 

Example 1 but substituting the compound resulting from Example 40A 
for Cbz-D-tryptophan in Example 1 A. The crude material was purified 
by preparative HPLC (Vydac uC18) eluting with a 0-80% gradient of 
CH3CN in 0.1% TFA. The desired fractions were lyophilized to give the 
30 title compound as a white solid (1 7 mg). 1 H NMR (CD3OD, 300 MHz) of 
major tautomer 8 0.63 (d, 3H, J=6Hz), 0.65 (d, 3H, J=6Hz), 1.45-1.6 (m, 
5H), 1.6-1.8 (m, 6H), 2.63 (s, 3H), 3.00 (s, 3H), 3.43 (m, 4H), 3.50 (dd, 
1H, J=12,15Hz), 3.68 (dt, 1H, J=5,12Hz), 3.77 (s, 3H), 4.36 (dt, 1H, 
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J=5,10Hz), 6.38 (dd, 1H, J=5,12Hz), 7.07 (ddd, 1H t J=1,7,8Hz), 7.12 (s, 
1 H), 7.19 (dt, 1 H t J«1 ,7Hz), 7.35 (d, 1 H, J=8Hz), 7.63 (d, 1 H, J=8Hz). 
MS (FAB/MeOH) m/e 551 (M+H)+, 573 (M+Na)+. Anal calcd for 
C30H42N6O4 ■ 2.0 TFA: C, 52.44; H, 5.70; N, 10.79. Found: C, 51.97; H, 
5 5.70; N, 10.79. HRMS calcd for C30H43N6O4: 551 .3346. Found: 
551.3332. 

Example 41 

2-1(1 m-1 -fN-l HomopiDeridin-1 -vlcarbonvlMeucvl> amino1-2-M -methyl- 
10 indol-3-vltethvll-imidazole-4-carboxvtte add 

Example 41 A 
Boc-D-M -methvn-TrvDtophanvl-CSNH g 
Boc-D-Trp(Me)-OH (0.955 g, 3.0 mmol) was dissolved in THF (25 

15 mL) and cooled to -20 °C. N-Methylmorphoiine (0.33 mL ( 1.0 eq) and 
isobutyl chloroformate (0.39 mL, 1 .0 eq) were added and the slurry 
stirred for 30 minutes at which time a solution of concentrated ammonia 
(0.2 mL) in THF (3 mL) was added. The mixture was warmed slowly to 
0 °C over 1 hour. The solvents were removed in vacuo, and the residue 

20 was taken up in ethyl acetate, washed with water, saturated sodium 
bicarbonate solution, 1N H3PO4 and brine, dried, and concentrated in 
vacuo to give 0.95 g (100% yield) of the amide as a white foam. 

Boo-D-(1-methyl)-Tryptophanyl amide (0.50 g, 1.57 mmol) was 
dissolved in THF (10 mL) and Lawesson's reagent (770 mg, 1.90 mmol, 

25 1 .2 eq) was added. The solution was stirred at ambient temperature for 
65 hours. The solvents were removed in vacuo, and the residue was 
taken up in EtOAc and washed with 1 :1 saturated sodium bicarbonate 
solution/water and brine. The organic phase was dried over Na2S04 
and evaporated in vacuo. The crude product was purified by flash 

30 chromatography on silica gel eluting with 2:1 hexanes-ethyl acetate to 
give the product (442 mg, 86% yield) as a light yellow foam. 
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Example 41 B 
Boo-D-M-methvn-TrvptQDhanv |.Cf=NH^NH £ 
The thioamide resulting from Example 41 A (400 mg, 1.22 mmol) 
was dissolved in THF (2 mL) and added to a Carius tube. The tube was 
5 purged with nitrogen and cooled to -78 °C. Ammonia (2 mL) was 
condensed into the tube. The tube was sealed, allowed to warm to 
ambient temperature, and stirred for 6 days during which time a white 
solid formed. The solvents were removed in vacuo; the residue was 
taken up in ether and filtered. The filtrate was washed twice with diethyl 
10 ether to give 260 mg (68% yield) of the title compound as a white solid. 

Example 41 C 

2>irim-1-rBoc>AminoV2^1-methvl-indol-3>vhethvmimid a zQlQ-4. 

carboxylic acid ethyl ester 

15 The amidine resulting from Example 41 B (130 mg, 0.41 mmol) 

was combined in THF (2 mL) with ethyl bromopyruvate (88 mg, 0.45 
mmol, 1.1 eq) and propylene oxide (29 mg, 0.5 mmol). The solution was 
stirred overnight at ambient temperature and the solvents removed in 
vacuo. The crude product was taken up in pyridine (2 mL) and 

20 methanesulfonyl chloride (7 drops) and triethylamine (5 drops) were 
added. The mixture was heated at 80 °C for 5 hours. The solvents were 
removed in vacuo, and the residue was taken up in EtOAc and washed 
with 1 :1 saturated sodium bicarbonate/water, 1 U H3PO4 and brine. The 
organic phase was dried over Na2S04 and evaporated in vacuo. The 

25 crude product was purified by flash chromatography on silica gel eluting 
with 2:1 hexanes-ethyl acetate to give the product (35 mg, 21% yield) as 
a yellow oil. 
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gxample 41 D 

2-(( 1 RV1 -f N-(Homopiperidin-1 -ylcarbonvt)-Leucvl-amino)-2-(1 -methyt- 

indol-3-vnethyl}-imida20le-4-carboxvlie acid 
The compound resulting from Example 41 C (35 mg) was 
5 dissolved in trifluoroacetic acid (3 mL) and stirred at ambient 

temperature for 45 minutes. The solvents were removed in vacuo, and 
the residue was taken up in saturated sodium bicarbonate solution and 
extracted with EtOAc. The combined organic extracts were washed with 
brine, dried over Na2S04 and evaporated in vacuo to give the crude 

10 product as a yellow solid which was dissolved in THF (5 mL). HOBt(13 
.mg), N-(homopiperidin-1-ylcarbonyl)-leucine (25 mg), prepared in 
Example 1D, and EDCI (20 mg) were added. N-Methylmorpholine (10 
\±) and DMF (1 mL) were added and the mixture stirred at room 
temperature for 18 hours. The solvent was evaporated under reduced 

15 pressure and the residue taken up in EtOAc. The solution was washed 
with saturated NaHC03 solution, 1 f± H3PO4 and brine, dried with 
MgS04, end evaporated in vacuo to give yellow oil which was purified 
by flash chromatography on silica gel eluting with 50% EtOAc-hexane. 
The product was dissolved in THF (2 mL) and a solution of LiOH (50 mg) 

20 in H2O (1 mL) was added. The mixture was heated in a Carius tube at 
1 10 °C for 15 hours. The solvents were evaporated under reduced 
pressure and the residue purified by preparative HPLC (Vydac nC18) 
eluting with a 0-70% gradient of CH3CN in 0.1% TFA. The desired 
fractions were lyophilized to give the title compound as a white solid. 1 H 

25 NMR (CD3OD, 300 MHz) 8 0.80 (d, 6H, J=7Hz), 1 .4 (m, 2H), 1 .52 (m, 
5H), 1 .67 (m, 4H), 3.3-3.6 (m, 6H), 3.74 (s, 3H), 4.34 (dd, 1 H, 
J=7Hz,9Hz), 5.56 (dd, 1H, J=5Hz,8Hz), 6.96 (s, 1H), 7.02 (dt, 1H, 
J=1 Hz,8Hz), 7.1 4 (dt, 1 H, J=1 Hz,8Hz), 7.30 (d, 1 H, J^Hz), 7.52 (d, 1 H, 
J=8Hz), 8.24 (s, 1 H). MS (DCI/NH3) m/e 540 (M+NH 4 )+ 557 

30 (M+NH 4 +NH 3 )+ 
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ExamplQ 42 

2-{(im-1-fN-fCyclQhexyloxycarbonyh-Leucvl-amino1-2-M-methvl-indQl- 

3-yhethyl)-5-methvl-imidazole-4-carboxvlic acid 

5 Example 42A 

1 -(CydohexyloxycarbpnyD-Leucing 

Cyclohexanol (0.53 mL) was dissolved in THF (10 mL) and 
cooled to 0 °C. Phosgene (2.6 mL, 1 .97 M in toluene) was added and 
the solution stirred for 90 minutes. A solution of Leu-OBn • TsOH (1 .97 

10 g) and EtaN (0.8 mL) in THF (20 mL) was added slowly over 5 minutes, 
followed by additional EfcN (0.8 mL). The mixture was allowed to warm 
to ambient temperature over 2 hours. The solvents were removed in 
vacuo; and the residue was taken up in EtOAc and washed with 1 :1 
saturated sodium bicarbonate solution/water, 1 M H3PO4 and brine. 

15 The organic phase was dried over Na2S04, filtered through Celite®, 
and concentrated to give a yellow oil, which was purified by flash 
chromatography eluting with 6:1 hexanes-EtOAc. The product was 
dissolved in ethanol (50 mL), 10% palladium on carbon (100 mg) was 
added, and the mixture was purged with nitrogen. The nitrogen line was 

20 exchanged for a balloon of hydrogen, and the mixture was stirred at 
ambient temperature for 4 hours. The catalyst was removed by filtration 
through Celite® The solvents were removed in vacuo to give the title 
compound as a white solid. 



25 Example 42P 

24MRH-TN-fCvclohexvlox^ 

3>yhethvl)-5-methvl-imida2ole>4>carboxvlic add 
The title compound was prepared according to the procedures 
described in Example 27 but substituting the compound resulting from 
30 Example 42A for N-(cyclohexylaminocarbonyl)-Leucine in Example 
27E. The crude material was purified by trituration with ether-EtOAc to 
give a white solid which was dissolved in 0.1% aqueous TFA in 
acetonitrile and lyophilized to give a white powder (106 mg). 1 H NMR 
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(CD3OD, 300 MHz) of major tautomer 5 0.78 (d, 3H, J=6Hz), 0.81 (d, 
3H, J=£Hz), 1.2-1.9 (m, 13H), 2.45 (s f 3H) f 3.3-3.5 (m, 2H) f 3.76 (s, 3H) f 
4.02 (m f 1 H), 4.59 (m, 1H), 5.23 (t, 1 H, J=8Hz), 7.03 (dt, 1 H, J^1 ,7Hz), 
7.04 (s, 1 H), 7.17 (dt, 1 H, J=1 ,7Hz), 7.33 (d, 1 H, J=8Hz), 7.45 (d, 1 H ( 
5 J=8Hz). MS (FAB/NBA) m/e 538 (M+H)+ 560 (M+Na)+ Anal calcd for 
C29H39N5O5 • 1.3 TFA: C, 55.34; H, 5.92; N, 10.21 . Found: C, 55.35; H, 
5.92; N f 10.24. 

Example 43 

10 2-(nR)-1-rN-fPhenvlaminocarbonvn-Leucvl-amino]-2-( indol-3>yhethy^ 

5-methyl-imidazole-4-carboxvlic add 

Example 43A 
N'fPhenYlaminQcart?onyl)'»eucin9 

15 Leu-OBn • p-TsOH (2.0 g) was suspended in THF (5 mL). N- 

Methyl morpholine (0.56 mL, 0.51 g) and phenyl isocyanate (0.55 mL, 
0.6 g) were added and the solution stirred at ambient temperature for 
four hours. The solvent was evaporated and the residue dissolved in 
EtOAc (20 mL). The solution was washed with saturated NaHCC>3 

20 solution, 1 H H3PO4 and brine, dried with MgSCU, and evaporated 
under reduced pressure to give a colorless oil which was dissolved in 
EtOH (25 mL). 10% Palladium on carbon (200 mg) was added. The 
flask was fitted with a three-way stopcock connected to a hydrogen-filled 
balloon and a nitrogen/vacuum manifold. The flask was evacuated, 

25 filled with nitrogen, evacuated again, and then put under a hydrogen 
atmosphere. The mixture was stirred at ambient temperature for 14 
hours. The hydrogen was evacuated and the flask filled with nitrogen. 
The catalyst was removed by filtration through a pad of Celite® and the 
solvent removed in vacuo to give a colorless oil which solidified on 

30 standing (1 .08 g, 85% yield). 
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Example 43B 
2-{(1RW1-fN-{Phenvlaminocar^^ 

ynethvI}-5-methvl-imida2Qte-4-carboxvlic acid 
The title compound was prepared by the procedures described in 
5 Example 27 but substituting the compound resulting from Example 43A 
for N-(cyciohexylaminocarbonyl)-Leudne in Example 27E. The crude 
material was purified by trituration with ether/EtOAc to give a white solid 
which was dissolved in 0.1% aqueous TFA in acetonitrile and 
lyophilized to give the title compound (25 mg). 1 H NMR (CD3OD, 300 
10 MHz) of major tautomer 5 0.80 (d f 3H, J=7Hz), 0.81 (d, 3H f J=7Hz), 1 .34 
(m, 3H), 2.43 (s, 3H), 3.33 (dd, 1H, J=9,14Hz), 3.54 (dd, 1 H, J=6,14Hz), 
3.72 (s, 3H), 4.14 (m, 1H), 5.38 (dd, 1H, J=6,9Hz), 7.00 (dt, 1H f J«1,7Hz), 
7.03 (dt, 1 H t J=1 ,8Hz), 7.05 (s, 1 H), 7.1 6 (dt, 1 H, J=1 ,7Hz), 7.26 (m, 1 H) f 
7.28 (d, 1 H, J=8Hz), 7.31 (m, 3H), 7.45 (d, 1 H, J=8Hz). MS (FAB/NBA) 
15 m/e 531 (M+H)+, 553 (M+Na)+ Anal calcd for C29H34N6O4 ■ 1 .5 TFA: 
C, 54.78; H, 5.10; N, 11.98. Found: C, 54.80; H, 5.29; N, 12.1 1. 

Example 44 

2-f(1 RM '[N-fN^ciQhg^laminQcar^onyt-N-mgthyi-ieucyij-amippi-g- 
20 (1 -mgthyMntfoi-3-yi)gthyih5'mgthyl-imitiazglM-carbQxyiic add 

N-Boc-N-methyl-Leu-OH (85mg), prepared by the method of 
Cheung and Benoiton, Can. J. Chem. 55 906 (1977), was dissolved in 
THF (4 mL) and DMF (2 mL). 2-[(1RM-Amino-2-(1-methyl-indol-3- 
yl)ethyl]-5-methyWmidazole-4-carboxylic acid benzyl ester (63 mg), 

25 prepared according to the procedures described in Example 27C, HOBt 
(42 mg), N-methylmorpholine (8 drops), and EDCI (57 mg) were added 
and the mixture stirred at ambient temperature for 1 8 hours. The solvent 
was evaporated, the residue taken up in EtOAc, washed with saturated 
sodium bicarbonate solution, 1 M H3PO4, and brine, and evaporated to 

30 give a yellow oil which was dissolved in TFA (5 mL). The solution was 
stirred at ambient temperature for two hours. The solvent was 
evaporated and the residue taken up in saturated sodium bicarbonate 
solution and extracted with EtOAc. The organic layer was washed with 
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brine and evaporated The crude product was dissolved in THF (5 mL). 
N-Methylmorpholine (0.2 mL) and cyclohexylisocyanate (5 drops) were 
added and the solution stirred at ambient temperature for 1 8 hours. The 
solvent was evaporated, the residue taken up in EtOAc, washed with 
5 saturated sodium bicarbonate solution, 1 M H3PO4, and brine, and 
evaporated to give a yellow oil which was dissolved in EtOH (20 mL). 
1 0% palladium on carbon (30 mg) was added and the mixture was 
purged with nitrogen. The nitrogen fine was exchanged for a balloon of 
hydrogen, and the mixture was stirred at ambient temperature for 4 

10 hours. The catalyst was removed by filtration through Celite® and the 
solvents evaporated. The crude product was triturated with 1 :1 EtO Ac- 
ether to give a white solid which was dissolved in 0.1% aqueous TFA in 
acetonitrile and fyophilized to give the title compound as a white powder 
(30 mg). 1 H NMR (CD3OD, 300 MHz) of major tautomer 5 0.86 (d, 3H, 

15 J-7Hz), 0.89 (d, 3H, J=7Hz), 1.0-1.8 (m, 13H), 2.48 (s, 3H), 2.72 (s. 3H), 
3.3-3.5 (m, 3H), 3.75 (s, 3H), 4.51 (dd. 1 H, J=7,1 0Hz), 5.29 (t, 1 H, 
J=7Hz), 7.02 (S. 1 H), 7.04 (dt. 1 H, J=1 ,7Hz), 7.18 (dt, 1 H f J=1 ,7Hz), 7.35 
(d, 2H, J=8Hz). MS (DCI/NH3) m/e 551 (M+H)+ HRMS calcd for 
C30H43N6O4: 551 .3346. Found: 551 .3351 . 

20 

Example 45 

2-f M m-1 -fN-momopiperidin-1 -vlcarbonv»-Leucvl-amino]-2-findol-3- 

yl)ethyl}-5-methvMhiazole-4-carboxylic acid 

25 Example 45A 

Cb2-D-Tryptophanyl-(2-acetvlGlvcine\ ethvl ester 
N-(Diphenylmethylene)glycine ethyl ester (30.0 g) was dissolved 
in THF (125 mL) and the solution cooled to -78 °C. Lithium 
hexamethyldisilazide (100 mL, 1 M solution in THF) was added slowly 
30 over 10 minutes, and the resulting yellow slurry was stirred at -78 °C for 
45 minutes. The slurry was then transferred via cannula to a solution of 
acetyl chloride (8.4 mL) in THF (50 mL) at -78 °0 . Additional THF (250 
mL) was added to the anion solution to facilitate transfer to the acetyl 
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chloride solution. Complete transfer of the anion took about 2.5 hours. 
After the addition was complete, the reaction was allowed to warm to 
room temperature and stirring was continued for four hours. The 
reaction was then quenched with 2 tL HCI (1 1 5 mL). The THF was 
5 evaporated and the resulting aqueous solution was washed with EtOAc 
(2 x 100 mL). The organic phases were discarded and the aqueous 
phase was concentrated in vacuo. The resulting slurry was treated with 
BOH (150 mL) and the insolubles filtered off. The filtrate was 
evaporated to give 2-acetylglycine ethyl ester hydrochloride as a yellow 

10 solid which was used without further purification. 

Cbz-D-Tryptophan (40.6 g) was dissolved in THF (100 mL) and 
the solution cooled to -20 °C. N-Methyimorpholine (1 3 mL) was added 
followed by the dropwise addition of isobutylchloroformate (15.6 mL). 
After the addition was complete, the reaction was stirred for 30 minutes 

15 at -20 °C at which time the bath was removed. The 2-acetylglycine ester 
from above was dissolved in DMF (50 mL) and added to the mixed 
anhydride. N-Methylmorpholine (13 mL) was then added via syringe 
pump over a one hour period. After the addition was complete, the 
reaction was allowed to stir at room temperature for one hour. Water 

20 (200 mL) was added and the layers separated. The organic layer was 
washed with saturated NaHCQ3 solution, 1 U H3PO4 and brine, dried 
with MgS04, and evaporated under reduced pressure to give an orange 
oil which was purified by flash chromatography on silica gel eluting with 
15% EtOAc-hexane. The title compound was isolated as an orange oil 

25 (30.7 g, 59% yield for the two steps). 1 H NMR (CDCI3, 300 MHz) 5 1 .26 
(dt, 3H, J«1H2,7H2), 2.24 (s, 1.5H), 2.30 (s, 1.5H), 3.20 (m, 1H), 3.35 (m, 
1H), 4.22 (dq, 2H f J«1Hz,7Hz), 4.50 (m, 1H), 5.06 (dd, 1H, J=7Hz,8Hz), 
5.12 (s, 2H), 5.45 (m, 1H), 6.82 (m, 1H), 7.23 (m, 9H), 7.65 (m, 1H), 8.10 
(s, 1H). MS (DCI/NH3) m/e 466 (M+H)+ 483 (M+NH*)*. 

30 
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ExamplQ 45B 

2-f Q RVfCbz-AminQ>-2-/indol-3-vnethv»-5-methyl-thia7olft-4-carfaoxvlic 

acid ethvl ester 
The compound resulting from Example 45A (0.335 g) was 
5 dissolved in THF (5 mL). Lawesson's reagent (0.45 g) was added and 
the mixture stirred at reflux for five hours. The solvent was evaporated 
under reduced pressure and the residue taken up in EtOAc (20 mL). 
The solution was washed with saturated NaHCOs solution, 1 J4 H3PO4 
and brine, dried with MgS04 and evaporated under reduced pressure to 
10 give a yellow oil which was purified by flash chromatography eluting 
with 15% EtOAc-hexane to give the product as a white solid (155 mg, 

46%). 1 H NMR (CDCI3. 300 MHz) 5 1 .43 (t, 3H, J=7Hz), 2.65 (s, 3H), 
3.42 (m, 1H), 3.55 (m, 1H), 4.43 (q, 2H, J=7Hz), 5.09 (s, 2H), 5.38 (m. 
1H), 5.63 (br s, 1H), 6.90 (s, 1H), 7.07(t, 1H, J=8Hz), 7.18 (t, 1H, J=8Hz). 
15 7.32 (m, 6H), 7.52 (1 H, d, J=8Hz), 8.01 (s, 1 H). MS (DCI/NH3) m/e 464 
(M+H)+, 481 (M+NH4) + . 

Example 45C 

2-U1 RVAminp-2-(indol-3-y|)ethy|}-5-methyl-thiazQlg-4'cart)Qxylic acid 

20 ethyl ester 

The compound resulting from Example 45B (72 mg, 0.15 mmol) 
was dissolved in 2 mL of 30% HBr in HOAc and stirred at ambient 
temperature for 3 hours. The solvents were removed in vacuo; the 
residue was taken up in saturated sodium bicarbonate solution and 

25 extracted with EtOAc. The combined organic extracts were washed with 
brine and dried over Na2S04. The solvents were removed in vacuo, 
and the crude product was used directly for subsequent coupling 
reactions. 



30 Example 45D 

N>rHomoDiDeridin-1-vlcarbonvn-Leucvl>OH 
Leucyl-OBn • pTsOH (100 mg) was dissolved in CHCI3 (2 mL). 
Et3N (51 mg, 75 i±) was added and the solution cooled to 0 °C in an ice 
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bath. Carbonyldiimidazole (41 mg) was added and the solution stirred 
at 0 °C for one hour. The bath was removed and the solution was stirred 
an additional one hour at room temperature. Homopiperidine (44 mg, 
50 \lL) was added and the solution stirred overnight at room 
5 temperature. The solution was washed with saturated NaHCQ3 
solution, 1 H H3PO4 and brine, dried with MgS04, and evaporated 
under reduced pressure to give a white solid which was purified by flash 
chromatography on silica gel, eluting with 25% EtOAohexane to give N- 
(homopiperidin-l-ylcarbonyl)-leucine benzyl ester (77 mg, 88%). The 

10 ester was dissolved in EtOH (5 mL), the solution purged of oxygen, 10% 
Pd/C (0.10 g) added and the mixture stirred under hydrogen for two 
hours. The solvent was removed in vacuo and the residue taken up in 
EtOAc and filtered through Celite® to remove the catalyst. The solvent 
was evaporated in vacuo to give the carboxylic acid as a white solid (55 

15 mg, 96%). 

Example 45E 

24riRV1-fN^H Qm Q piperidin-1>vl(^rbonvlVLeucvl^minoV2^indol^ 

yhethyl)>5>methvMhia2olQ>4-carboxvlic acid 

20 The crude compound resulting from Example 45C (65 mg) was 

dissolved in THF (2 mL). HOBt (30 mg), the acid resulting from Example 
45D (55 mg) and EDCI (42 mg) were added. N-Methylmorpholine (10 
\iL) was added and the mixture stirred at room temperature for 18 hours. 
The solvent was evaporated under reduced pressure and the residue 

25 taken up in EtOAc. The solution was washed with saturated NaHCCh 
solution, 1 N H3PO4 and brine, dried with MgSCU, and evaporated in 
vacuo to give an orange oil which was purified by flash chromatography 
on silica gel eluting with 50% EtOAc-hexane. 

The product was dissolved in THF (2 mL), a solution of UOH (50 

30 mg) in H2O (1 mL) was added and the mixture warmed at 80 °C for 10 
hours. The solvents were evaporated under reduced pressure and the 
residue purified by preparative HPLC (Vydac 11CI8) eluting with a 10- 
70% gradient of CH3CN in 0.1% TFA. The desired fractions were 
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lyophilized to give the product as a white solid. 1 H NMR (CD3OD, 300 
MHz) 8 0.80 (d, 3H, J=8Hz), 0.82 (d, 3H, J=8Hz), 1 .25-1 .45 (m, 3H), 1 .51 
(m, 4H), 1 .68 (m, 5H), 2.68 (s, 3H), 3.2-3.45 (m, 6H). 4.29 (dd, 1 H, 
J=6Hz,8Hz), 5.50 (dd, 1 H, J=6Hz,8Hz), 6.97 (dt, 1 H, J=1 Hz,7Hz), 7.04 
5 (s, 1 H), 7.08 (dt, 1 H, J=1 Hz,7Hz), 7.31 (d, 1 H, J=8Hz), 7.52 (d, 1 H, 
J=8Hz). MS (DCI/NH3) m/e 540 (M+H)+, 557 (M+NH 4 )+. Anal calcd for 
C28H37N5SO4 • 1.0 TFA: C, 55.12; H, 5.86; N, 10.71 . Found: C, 55.02; 
H, 6.06 N, 10.95. 

10 Example 46 

2-{nR^1-fN-rHomopiperidin-1-ylcarbonvn-Leucvl-amino1-2-rindol-3- 

ynethvl>-5-ethy»-thia2ole-4-carboxvlic acid 

The title compound was prepared according to the procedures 
described in Example 45, substituting propionyl chloride for acetyl 

15 chloride in Example 45A. 1 H NMR (CD3OD, 300 MHz) 8 0.82 (d, 3H, 
J=7Hz), 0.83 (d, 3H, J=7Hz), 1 .24 (t, 3H, J=8Hz), 1 .4 (m, 2H), 1 .52 (m, 
5H), 1.67 (m, 4H), 3.18 (q, 2H, J=8Hz), 3.2-3.5 (m, 6H), 4.30 (dd, 1 H, 
J=6Hz,10Hz), 5.49 (dd, 1H, J=6Hz,8Hz). 6.94 (ddd, 1H, 
J=1 Hz,7Hz,8Hz), 7.04 (s, 1H), 7.07 (ddd, 1H, J=1Hz,7Hz,8Hz), 7.32 (d, 

20 1 H, J=8Hz), 7.47 (dd, 1 H. J=1 Hz,8Hz). MS (DCI/NH3) m/e 554 (M+H)+, 
551 (M+NH 4 )+. Anal calcd for C29H39N5O4S • 0.6 TFA: C. 58.31 ; H, 
6.42; N, 1 1 .26. Found: C, 58.27; H, 6.36; N, 1 1.26. 

Example 47 

25 2-{f1RV1-fN-rHomQoiDeridin-1-ylcarbQnvn-Leucvl-amino]-2-findQl-3- 

yt)ethyl}-5-propyl-thiazole-4-carboxylic acid 
The title compound was prepared according to the procedures of 
Example 45, substituting butyryl chloride for acetyl chloride in Example 
45A. 1 H NMR (CD3OD, 300 MHz) 8 0.82 (d, 3H, J=7Hz), 0.83 (d, 3H, 
30 J=7Hz), 0.93 (t, 3H, J=8Hz), 1.4 (m, 2H), 1.52 (m, 5H), 1.67 (m, 6H), 3.14 
(t, 2H, J=8Hz), 3.2-3.5 (m, 6H), 4.30 (dd, 1H, J=6Hz,10Hz), 5.50 (dd, 1H, 
J=6Hz,8Hz), 6.95 (ddd, 1H, J=1 Hz,7Hz,8Hz), 7.04 (s, 1H), 7.06 (ddd, 1H, 
J=1 Hz,7Hz,8Hz), 7.31 (d, 1H, J=8Hz), 7.46 (dd, 1H, J=1Hz,8Hz). MS 
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(DCI/NH3) m/e 568 (M+H)+. Anal calcd for C3oH 41 N 5 04S • 0.4 TFA: C, 
60.32; H, 6.80; N, 1 1.42. Found: C, 60.15; H, 6.75; N, 1 1.33. 

Example 48 

5 2-(nR^-1-rN-momoDiDeridin-1-vlcarbonvn-Leucvl-amino1-2-nndQl-3- 

vhethvn-5-trifluoromethvl-thia20le-4-carboxvlic acid 

The title compound was prepared according to the procedures of 
Example 45, substituting trifluoroacetyl chloride for acetyl chloride in 
Example 45A. 1 H NMR (CD3OD, 300 MHz) 5 0.78 (d, 3H, J=7Hz), 0.80 

10 (d, 3H, J=7Hz), 1 .2-1 .4 (m, 2H), 1 .52 (m, 5H), 1 .68 (m, 4H), 3.3-3.6 (m, 
6H), 4.27 (dd, 1H. J=6Hz,10Hz), 5.55 (dd. 1H, J=5Hz.8Hz), 6.97 (ddd. 
1H, Jrs1Hz.7Hz.8Hz), 7.08 (ddd, 1H, J=1 Hz,7Hz,8Hz), 7.10 (s. 1H), 7.33 
(d, 1H, J=8Hz), 7.48 (dd, 1H, J=1Hz,8Hz). MS (DCI/NH3) m/e 594 
(M+H)+. Anal calcd for C29H34F3N5O4S • 0.6 TFA: C, 52.97; H, 5.27; N, 

15 10.58. Found: C, 52.70; H, 5.22; N, 10.50. 

Example 49 

2-<nm-1-fN-momopiperidln-1-vlcarbonvn-Leucvl-amino1-2-nndol-3- 
vl^ethv»-5-isopropvi-thiazole-4-carfaoxvlic acid 

20 The title compound was prepared according to the procedures of 

Example 45, substituting isovaieryl chloride for acetyl chloride in 
Example 45A 1 H NMR (CD3OD, 300 MHz) 5 0.83 (d, 3H, J=7Hz), 0.84 
(d, 3H, J=7Hz), 1 .24 (d, 3H, J=8Hz), 1 .25 (d, 3H, J=8Hz), 1 .3-1 .4 (m, 2H), 
1.53 (m. 5H), 1.68 (m, 4H), 2.94 (m, 2H), 3.3-3.5 (m, 6H), 4.09 (septet, 

25 1 H, J=7Hz), 4.30 (dd. 1 H, J=6Hz,1 0Hz), 5.49 (dd, 1 H. J =6 Hz, 8 Hz), 6.94 
(ddd, 1H, J=1Hz,7Hz,8Hz), 7.07 (s, 1H), 7.08 (ddd. 1H. J=1 Hz,7Hz,8Hz), 
7.30 (d. 1H. J=8Hz), 7.40 (dd, 1H. J=1Hz,8Hz). MS (DCI/NH 3 ) m/e 568 
(M+H)+ Anal calcd for C30H41N5O4S • 1.2 TFA: C. 55.23; H, 6.04; N, 
9.94. Found: C, 55.28; H. 5.13; N, 10.30. 
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Example 50 

2-( (J RM-fN-f HomoDiperidin-1 -vtcaibonvl>-Leucvl-aminoJ-2-nndol-3- 
Vnethyl}-5-cvclQDroDvl-thia2ol6-4-carboxvlic acid 

The title compound was prepared according to the procedures of 
5 Example 45, substituting cyclopropanecarbonyl chloride for acetyl 
chloride in Example 45A 1 H NMR (CD 3 OD, 300 MHz) 8 0.63 (m, 2H), 
0.90 (d, 3H, J=6Hz), 0.91 (d, 3H, J=6Hz), 1 .20 (m, 2H), 1 .2-1 .4 (m, 2H), 
1.51 (m, 5H), 1.67 (m, 4H), 2.96 (m, 1H), 3.3-3.6 (m, 6H), 4.28 (dd. 1H, 
J=6,10Hz), 5.44 (dd, 1H, J=6,8Hz), 6.94 (ddd, 1H, J=1,7,8Hz), 7.05 (s, 
10 1 H), 7.08 (ddd, 1 H, J=1 ,7,8Hz), 7.32 (d, 1 H, J=8Hz), 7.46 (dd, 1 H, 
J=1,8Hz). MS (DCI/NH3) m/e 566 (M+H) + . Anal calcd for 
C30H39N5O4S ♦ 1 .2 TFA: C, 55.39; H, 5.77; N, 9.97. Found: C, 55.43; H, 
5.76; N, 10.26. 

15 Example 51 

2- {(1 RM -fN-(Homopiperidin-1 -ylcarbonvn-l_eucyl-amino]-2-(indol-3- 

ynethvl}-5-phenvl-thiazole-4-carboxylic acid 
The title compound was prepared according to the procedures of 
Example 45, substituting benzoyl chloride for acetyl chloride in Example 
20 45A. 1 H NMR (CDCI3. 300 MHz) 5 0.86 (d, 3H, J=6Hz), 0.87 (d, 3H, 
J=6Hz), 1.45 (m, 6H), 1.62 (m, 5H), 3.30 (m, 5H), 3.37 (dd, 1H, 
J=7Hz,15Hz), 3.48 (dd. 1H, J=7Hz,15Hz), 4.32 (brd q, 1H, J=8Hz), 4.70 
(brd d, 1 H, J=8Hz), 5.60 (brd q, 1 H, J= 8Hz), 7.06 (d, 1 H, J=2Hz), 7.12 
(dt, 1H, J=1Hz,8Hz). 7.20 (dt. 1H, J=1Hz,8Hz), 7.36 (m, 5H), 7.47 (m, 
25 2H), 7.58 (d, 1 H, J=8Hz), 8.12 (brd s, 1 H). MS (DCI/NH3) m/e 602 

(M+H)+ Anal calcd for C33H39N5O4S • 1.0 TFA: C, 58.73; H, 5.63; N, 
9.78. Found: C, 58.89; H, 5.73; N, 10.16. 
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F*ample 52 

g-f h Rl-1 -fN-momon ipBridin-1 ■vlcarhonvn-Leucvl-amino1-2-(indol-3- 

vhethvn-5-ben ?vl-thia7Qle-4-carboxvlic acid 
The title compound was prepared according to the procedures of 
5 Example 45, substituting phenylacetyl chloride for acetyl chloride in 
Example 45A. 1 H NMR (CDCI3, 300 MHz) S 0.86 (d, 3H. J=6Hz), 0.87 
(d, 3H. J=6Hz), 1.48 (m, 6H), 1.63 (m, 5H), 3.24 (m, 4H), 3.34 (m, 3H), 
4.32 (brd q, 1H, J=8Hz), 4.52 (s, 1H), 4.57 (brd d, 1H, J=8Hz), 5.50 (brd 
q, 1H, J= 8Hz), 6.93 (d, 1 H, J=2Hz), 7.07 (dt, 1 H, J=1 Hz,8Hz), 7.1 8 (m, 
10 2H), 7.26 (m, 5H), 7.34 (dd, 1 H, J=7Hz,8Hz), 7.50 (d, 1 H, J=8Hz), 8.03 
{brd s, 1 H). MS (FAB+NBA) m/e 61 6 (M+H)+, 638 (M+Na)+ 678 
(M+Cu)+. HRMS Calcd for C34H42N5O4S: 616.2958. Found: 616.2943 

Example 53 
15 2-f2R-[N-mom opiperidin-1 -vk 



yl)propyl}-5-methvM hia2ole>4-carboxvlic acid 

Example 53A 

Cte-frhomQ-D-TryptPphanyl-QH 

20 A solution of Cbz-D-Tryptophanyl-OH (2.69 g, 8.1 mmol) in 50 mL 

of THF was cooled to -20 °C and 0.9 mL (8.1 mmol) of N- 
methylmorpholine was added, followed by 1 .05 mL (8.1 mmol) of 
isobutyl chloroformate. The resultant slurry was stirred at -20 °C for 40 
minutes, and then was filtered through a pad of Celite® to remove the 

25 precipitate, washing the pad with ice-cold THF. 

An ethereal solution of diazomethane (250 mL of -0.3 R solution) 
was cooled to -20 °C in a 500 mL clearseal round-bottom flask. The 
above mixed-anhydride solution was added dropwise over 1 5 minutes. 
After 1 5 minutes of additional stirring, the bath was removed and the 

30 solution allowed to warm to ambient temperature over 1 50 minutes. The 
solvents were removed in vacuo; the residue was taken up in EtOAc and 
washed sequentially with water and brine. The organic phase was 
dried over Na2S04 and stripped in vacuo. The crude product was 
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dissolved in 100 mL of methanol, and a solution of 1.0 g of silver 
benzoate in 1 0 mL of triethylamine (filtered through a short pad of 
Celite) was added over a 5 minute period. After stirring for 60 minutes 
the solution had turned dark brown. The solvents were removed in 
5 vacuo] the residue was stirred with 120 mL of a 1 :1 water-ethyl acetate 
mixture for 10 minutes, then filtered through a pad of Celite. The organic 
layer was washed with brine, dried over Na2S04 and stripped in vacuo. 
The crude product was purified by flash chromatography on silica gel 
eluting with a gradient of 3:1 going to 1 :1 hexanes-ethyl acetate to elute 

10 the product (2.63 g, 89% yield) as a colorless oil. 

A portion of the above material (1 .10 g, 3.0 mmol) was dissolved 
in 1 5 mL of THF; a solution of 0.1 5 g of LiOH in 5 mL of water was 
added. The resultant mixture was stirred at ambient temperature for 3 
hours, and then heated to 40 °C for 2 hours. The organic solvent was 

15 removed in vacuo; the solution was neutralized with 1 U H3PO4, then 
extracted with EtOAc to give the crude add, which was used without 
further purification. 

Example 53B 

20 2-f2R-rN-momQDiperidin-1-v»carbonyn-Leucvl-aminol-3-findot-3- 

yl)oropyl}-5-fnethvl-thia2ol6-4-carboxylic acid 

The title compound was prepared using the procedures 
described in Example 45, substituting the compound resulting from 
Example 53A for Cbz-D-tryptophan in Example 45A 1 H NMR (CD3OD, 

25 300 MHz) 8 0.82 (d. 3H, J=6Hz), 0.85 (d, 3H. J=6Hz), 1 .15-1 .3 (m. 2H), 
1.53 (m, 4H), 1.68 (m, 5H), 2.69 (s, 3H), 3.05 (m, 4H), 3.2-3.5 (m, 4H), 
4.24 (dd, 1H, J=5Hz,10Hz), 4.55 (m, 1H), 7.00 (ddd, 1H, 
J=1 Hz.7Hz,8Hz), 7.09 (ddd, 1H. J=1 Hz,7Hz,8Hz), 7.10 (s, 1H), 7.33 (dd, 
1H, J=1Hz,8Hz), 7.57 (dd, 1H, J=1Hz,8Hz). MS (FAB+NBA) m/e 554 

30 (M+H)+, 576 (M+Na)+. Anal cated for C29H39N5O4S • 1 .2 TFA: C, 54.62; 
H, 5.87; N, 10.14. Found: C, 54.54; H, 5.88; N, 10.09. 

♦ 
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2-{(1 m-1 -(N-fHomoDiparidin-l ■vlcarbQnvlWLeucvl-aminol-2-M -methvl- 

indol-3-ynethv5-thiazQle-4-carboxvlic acid 

s Example 54A 

BQC-D-fN r methvlVTryptoDhanvl-CSNH £ 

A solution of 0.955 g (3.0 mmol) of Boc-D-Trp(Me)-OH, prepared 
according to the method of Cook et a/., Chem. Pharm. Bull. 13(1 ) 68 
(1965), in 25 mL of THF was cooled to -20 °C. N-Methylmorpholine 

10 (0.33 mL, 1 .0 eq) was added, followed by 0.39 mL (1 .0 eq) of isobutyl 
chloroformate. The resultant slurry was stirred for 30 minutes, and then 
a solution of 0.2 mL of concentrated ammonia in 3 mL of THF was 
added. The mixture was warmed slowly to 0 °C over 1 hour. The 
solvents were removed in vacuo, the residue was taken up in ethyl 

15 acetate, washed sequentially with water, saturated sodium bicarbonate 
solution, 1 H H3PO4 and brine, dried, and concentrated in vacuo to 
afford 0.95 g (1 00% yield) of the carboxyamide a white foam. 

To a solution of 500 mg (1 .57 mmol) of the above compound in 
10 mL of THF was added 770 mg (1 .90 mmol, 1 .2 eq) of Lawesson's 

20 reagent. The solution was stirred at ambient temperature for 65 hours. 
The solvents were removed in vacuo, and the residue was taken up in 
EtOAc and washed sequentially with 1 :1 saturated sodium bicarbonate 
solution/water and brine. The organic phase was dried over Na2S04 
and stripped in vacuo. The crude product was purified by flash 

25 chromatography on silica gel eluting with 2:1 hexanes-ethyl acetate to 
afford the product (442 mg, 86% yield) as a light yellowish foam. 
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Example 543 

2-f BooAmino>-2-M >methvlHndQl^vnethvlHhia?Qle>4-carfaQxvlic acid 

ethvl ester 

The thioamide resulting from Example 54A (100 mg, 0.3 mmol) 
5 was combined with 72 mg (0.33 mmol) of ethyl bromopyruvate and 100 
mg of propylene oxide in 1 mL of THF in a Carius tube. The solution 
was heated at 80 °C for 4 hours and then the solvents were removed in 
vacuo. The crude product was taken up in 1 mL of pyridine, and 10 
drops of trifluoroacetic anhydride were added slowly. The resultant dark 

10 solution was stirred overnight at ambient temperature. The solvents 
were removed in vacuo. The residue was taken up in EtOAc and 
washed sequentially with 1 :1 saturated sodium bicarbonate/water, 1 H 
H3PO4, and brine. The organic phase was dried over Na2S04 and 
stripped in vacuo. The crude product was purified by flash 

15 chromatography on silica gel eluting with 1 :1 hexanes-ethyl acetate to 
afford the product (125 mg, 99% yield) as a colorless oil. 

Example 54C 

2-li 1 RV1 -fN-f HomoDiperidin-1 -vtcarbonvl l-Le ucvl-amino]-2-M -methyl- 
20 indol-3>vnethvl)>thia2ole>4-carbQxvlic acid 

The compound resulting from Example 54B (50 mg) was 
dissolved in 3 mL of trifluoroacetic add and stirred at ambient 
temperature for 45 minutes. The solvents were removed in vacuo, and 
the residue was taken up in saturated sodium bicarbonate solution and 
25 extracted with EtOAc. The combined organic extracts were washed with 
brine, dried over Na2S04 and stripped in vacuo to give a crude product 
which was used without further purification. This material was reacted 
according to the procedures of Example 45E to provide the title 
compound. *H NMR (CD3OD, 300 MHz) 6 0.80 (d, 6H, J=7Hz), 1.38 (m, 
30 2H), 1 .52 (m, 5H), 1 .67 (m, 4H), 3.3-3.5 (m, 5H), 3.53 (dt, 1 H. 

J=1Hz,7Hz), 3.74 (s, 3H), 4.50 (dd, 1H, J=6Hz,10Hz), 5.56 (dd, 1H, 
J=6Hz,9Hz), 6.96 (s, 1H), 7.03 (ddd. 1H, J=1HZi7Hz,8Hz), 7.14 (dt, 1H, 
J=1Hz,8Hz), 7.29 (d, 1H, J=8Hz), 7.52 (dd, 1H, J=1Hz,8Hz), 8.24 (s, 1H). 
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MS (DCI/NH3) m/e 540 (M+H) + , 557 (M+H+NH 3 ) + . Anal calcd for 
C28H38N6O4 • 0.8 TFA: C, 56.35; H, 6.04; N, 1 1 .1 0. Found: C, 56.32; H, 
6.19; N, 11.40. 

5 Example 55 

g-t/1 m-1 -f N-f HomoDipftrirfln.1 -vtcarbonvn-Leucvl-amtnol^-r 1 -methvl- 
indQl-3-vne thvl}-4.trifluommethvl-thla7ole-5^affaQxvlic acid 

The title compound was prepared following the procedures 
described in Example 54, substituting ethyl 2-chloro 

10 trifluoroacetoacetate for ethyl bromopyrovate in Example 54B. 1 H NMR 
(CD3OD, 300 MHz) 5 0.78 (d, 6H, J=7Hz). 1.3-1.4 (m, 2H), 1.54 (m, 5H), 
1.67 (m, 4H), 3.3-3.5 (m, 5H), 3.55 (d. 1H, J=5Hz), 3.77 (s, 3H), 4.28 (dd, 
1H, J=6Hz,9Hz), 5.53 (dd, 1 H, J=5Hz,9Hz), 7.02 (dt, 1H, J=1 Hz,8Hz), 
7.04 (s, 1H), 7.16 (dt, 1H, J=1Hz,8Hz), 7.32 (d, 1H, J=8Hz), 7.47 (d, 1H, 

15 J=8Hz). MS (FAB+NBA) m/e 608 (M+H)+ Anal calcd for 

C29H36F3N5O4S • 0.4 TFA: C, 54.79; H, 5.62; N, 10.72. Found: C, 
54.79; H, 5.61; N, 10.87. 

Example 56 

20 2-{M m-1 -f N-f Hnmopiperidin.1 -vlcarbonvn-Leucvl-aminol-2-H -methvl- 

indol-3-vltethvll-thiazole-5-cart>oxvlic acid 
The title compound was prepared following the procedures 
described in Example 54, substituting ethyl 2-chloro-3-oxopropionate for 
ethyl bromopyrovate in Example 54B. 1 H NMR (CD3OD, 300 MHz) S 

25 0.78 (d, 6H, J=7Hz), 1 .3-1 .4 (m, 2H), 1 .52 (m, 5H), 1 .67 (m, 4H), 3.3-3.6 
(m, 6H), 3.74 (s, 3H), 4.30 (dd, 1 H, J=6Hz,9Hz), 5.44 (dd, 1 H, 
J=5Hz,9Hz), 6.97 (s, 1 H), 7.02 (dt, 1 H, J=1 Hz,8Hz), 7.1 5 (dt, 1 H, 
J=1Hz,8Hz), 7.31 (d, 1H, J=8Hz), 7.48 (d, 1H, J=8Hz), 8.29 (s, 1H). MS 
(FAB+NBA) m/e 540 (M+H)+. Anal calcd for C28H37N5O4S • 0.6 TFA: 

30 C, 57.68; H, 6.23; N, 1 1 .52. Found: C, 57.38; H, 6.1 3; N, 1 1 .46. 
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Example 57 

2-(MR^1-rN-momoDiDeridin-1-vtcarbonvl>-Leucvl-ami noT-2-findol-3- 

vnethyn-S-methvl-oxa2Qle-4-carfaQxvlic acid 

5 Example 57A 

Cbz-D-Tiyptophanylfc-aceMGIycinel ethyl ester 
N-(Diphenylmethylene)glycine ethyl ester (30.0 g) was dissolved 
in THF (1 25 mL) and the solution cooled to -78 °C. Lithium 
hexamethyldisilazide (100 mL, 1 i± solution in THF) was added slowly 

10 over 10 minutes, and the resulting yellow slurry was stirred at -78 °C for 
45 minutes. The slurry was then transferred via cannula to a solution of 
acetyl chloride (8.4 mL) in THF (50 mL) at -78 °C . Additional THF (250 
mL) was added to the anion solution to facilitate transfer to the acetyl 
chloride solution. Complete transfer of the anion took about 2.5 hours. 

15 After the addition was complete, the reaction was allowed to warm to 
room temperature and stirring was continued for four hours. The 
reaction was then quenched with 2 H HCI (1 1 5 mL). The THF was 
evaporated and the resulting aqueous solution was washed with EtOAc 
(2 x 1 00 mL). The organic phases were discarded and the aqueous 

20 phase was concentrated in vacuo. The resulting slurry was treated with 
EtOH (150 mL) and the insolubles filtered off. The filtrate was 
evaporated to give 2-acetylglycine ethyl ester hydrochloride as a yellow 
solid which was used without further purification. 

Cbz-D-Tryptophan (40.6 g) was dissolved in THF (100 mL) and 

25 the solution cooled to -20 °C. N-Methylmorpholine (13 mL) was added 
followed by the dropwise addition of isobutylchloroformate (15.6 mL). 
After the addition was complete, the reaction was stirred for 30 minutes 
at -20 °C at which time the bath was removed. The 2-acetylglycine ester 
from above was dissolved in DMF (50 mL) and added to the mixed 

30 anhydride. N-Methylmorpholine (1 3 mL) was then added via syringe 
* pump over a one hour period. After the addition was complete, the 

reaction was allowed to stir at room temperature for one hour. Water 
(200 mL) was added and the layers separated, the organic layer was 
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washed with saturated NaHC03 solution, 1 N H3PO4 and brine, dried 
with MgS04, and evaporated under reduced pressure to give an orange 
oil which was purified by flash chromatography on silica gel eluting with 
1 5% EtOAc-hexane. The title compound was isolated as an orange oil 
5 (30.7 g, 59% yield for the two steps). 1 H NMR (CDCI3. 300 MHz) 5 1 .26 
(dt, 3H, J=1 Hz,7Hz), 2.24 (s, 1 .5H), 2.30 (s, 1 .5H), 3.20 (m. 1 H), 3.35 (m, 
1H), 4.22 (dq, 2H, J»1Hz.7Hz), 4.50 (m. 1H), 5.06 (dd, 1H, J=7Hz,8Hz), 
5.12 (s, 2H), 5.45 (m. 1H), 6.82 (m, 1H), 7.23 (m, 9H), 7.65 (m, 1H), 8.10 
(s, 1H). MS (DCI/NH3) m/e 466 (M+H)+, 483 (M+NH4) + . 

10 

Example SZB 

2-{( 1 R)-(Benzyloxvcarfaonvlamino V2-f indol-3-yhQthvl}-5-methyl- 

oxazole-4-carboxylic acid ethvl ester 
The compound resulting from Example 57A (4.44 g) was 

15 dissolved in acetonitrile (15 mL). Pyridine (25 ml_), carbon tetrachloride 
(2 mL), DBU (2.90 g) and triphenylphosphine (2.75 g) were added, and 
the mixture was stirred for 16 hours at room temperature. The solvents 
were evaporated under reduced pressure and the residue dissolved in 
EtOAc. The solution was washed with saturated NaHCC>3 solution, 1 U 

20 H3PO4, and brine, dried with MgS04 and evaporated to give an off- 
white semi-solid which was purified by flash chromatography on silica 
gel eluting with 15% EtOAc-hexane to give the title compound. 1 H NMR 
(CDCI3, 300 MHz) 5 1.37 (t, 3H, J=7Hz), 2.50 (s, 3H), 3.40 (d, 2H, 
J=8Hz), 4.37 (q, 2H, J=7Hz). 5.08 (s, 2H), 5.28 (m, 1H), 5.48 (m, 1H), 

25 6.89 (S, 1 H), 7.05 (t, 1 H, J=8Hz), 7.1 6 (t, 1 H, J=8), 7.35 (m, 7H), 8.06 (s, 
1H). MS (DCI/NH3) m/e 448 (M+H)+ 465 (M+NH4) + . 
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Example 57C 

2-H1 m-Amino-2-<indol-3-ynethyl]-5-meth vl-oxazolQ-4-carboxvlic acid 

ethvl ester 

The compound resulting from Example 57B (90 mg) was 
5 dissolved in EtOH (5 mL) and 10% Pd/C (50 mg) was added. The 
mixture was purged of oxygen and stirred under a balloon of hydrogen 
for 5 hours. The solvent was removed in vacuo and the residue taken 
up in EtOAc and filtered through Celite® to remove the catalyst . The 
solvent was evaporated to give the ethyl ester as a yellow oil. 

10 

■ 

Example 57D 
N^Homopiperidin-l-vlcarbonvlVLeucvl-OH 
Leucyl-OBn • pTsOH (100 mg) was dissolved In CHCI3 (2 mL). 
Et3N (51 mg, 75 jiL) was added and the solution cooled to 0 °C in an ice 

15 bath. Carbonyldiimidazole (41 mg) was added and the solution stirred 
at 0 °C for one hour. The bath was removed and the solution was stirred 
an additional one hour at room temperature. Homopiperidine (44 mg, 
50 id.) was added and the solution stirred overnight at room 
temperature. The solution was washed with saturated NaHC03 

20 solution, 1 H H3PO4 and brine, dried with MgSC>4, and evaporated 

under reduced pressure to give a white solid which was purified by flash 
chromatography on silica gel, eluttng with 25% EtOAc-hexane to give N- 
(homopiperidin-1-ylcarbonylHeucine benzyl ester (77 mg, 88%). The 
ester was dissolved in EtOH (5 mL), the solution purged of oxygen, 10% 

25 Pd/C (0.10 g) added and the mixture stirred under hydrogen for two 
hours. The solvent was removed in vacuo and the residue taken up in 
EtOAc and filtered through Celite® to remove the catalyst. The solvent 
was evaporated in vacuo to give the carboxylic acid as a white solid (55 
mg, 96%). 

30 
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Esamplfl 5ZE 

2-{M RH -fN-f Homopiperidin-1 >vlcarbonvn-Leucvl-aminoV2-(indol>3- 

vh6thviy5-mQthvl>oxazQle-4-carboxvlic acid 
The compound resulting from Example 57C (68 mg) was 
5 dissolved in THF (2 mL). HOBt (30 mg), the acid resulting from Example 
57D (55 mg) and EDCI (42 mg) were added. N-Methylmorpholine (10 
jiL) was added and the mixture stirred at room temperature for 1 8 hours. 
The solvent was evaporated under reduced pressure and the residue 
taken up in EtOAc. The solution was washed with saturated NaHCOa 
10 solution, 1 U H3PO4 and brine, dried with MgS04, and evaporated in 
vacuo to give an orange oil which was purified by flash chromatography 
on silica gel eluting with 50% EtOAohexane. 

To this compound dissolved in THF (2 mL) was added a solution 
of LiOH (50 mg) in H2O (1 mL) and the mixture stirred at room 
15 temperature for 15 hours. The solvents were evaporated under reduced 
pressure and the residue purified by preparative HPLC (Vydac }iC18) 
eluting with a 10-70% gradient of CH3CN in 0.1% TFA. The desired 
fractions were lyophilized to give the product as a white solid. 1 H NMR 
(CD3OD, 300 MHz) 5 0.87 (d, 3H, J=7Hz) t 0.88 (d, 3H f J=7Hz), 1 .43 (m, 
20 2H), 1 .52 (m, 5H), 1 ,67 (m f 4H) f 2.55 (s, 3H), 3.25-3.5 (m f 6H), 4.34 (dd, 
1H, Jo6Hz,9Hz), 5.40 (t, 1H. J«7Hz), 6.95 (ddd, 1H, J=1Hz,7Hz f 8Hz), 
6.99 (s f 1H), 7.07 (ddd, 1H, J«1Hz,7Hz f 8Hz), 7.31 (td, 1H f J=1Hz,8Hz), 
7.37 (d, 1H, J=8Hz). MS (DCI/NH3) m/e 524 (M+H) + f 541 (M+NH 4 ) + - 
Anal calcd for C28H37N5O5 • 0.4 TFA: C, 60.77; H, 6.62; N, 12.34. 
25 Found: C f 60.72; H, 6.55; N, 12.39. 

Example 58 

2-fMR^-1-rfCvctQhexvlaminocarbonvtVLeucvl.amino]-2-nndQt.3- 
vnethvll-S-methvl-Qya?ote.4-carboxvlic acid 

30 The title compound was prepared following the procedures 

described in Example 57, substituting cyclohexylamine for 
homopiperidine in Example 57D. 1 H NMR (CD 3 OD, 300 MHz) 5 0.78 
(d, 3H, 7Hz), 0.79 (d, 3H, 7Hz), 1.0-1.80 (m, 13H), 2.58 (s, 3H). 3.42 (m, 
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3H), 4.20 (t, 1H. J=7Hz), 5.42 (d, 1H, J=7Hz), 6.96 (t. 1H, J=7Hz). 7.03 (s, 
1H), 7.06 (t. 1H. J=7Hz), 7.31 (d, 1H, J=7Hz), 7.44 (d, 1H, J=7Hz). MS 
(DCI/NH3) m/e 524 (M+H)+. Anal calcd for C28H37N5O5 • 0.8 TFA: C, 
57.82; H, 6.20; N, 1 1.39. Found: C, 57.69; H. 6.42; N, 1 1.40. 

Example 59 

2-K1 ffl-1 -r(4-M9thoxvmflthoxvDloeririin- 1 -vlcarbonvl\-Leucvl-aminnJ-i>. 

The title compound was prepared following the procedures 
described in Example 57, substituting 4-methoxymethoxypiperidine for 
.homopiperidine in Example 57D. 1H NMR (CD3OD) 5 0.83 (d. 3H, 
J=7Hz), 0.85 (d, 3H, J=7Hz). 1.3-1.55 (m, 5H), 2.53 (s. 3H), 3.12 (m, 2H), 
3.35 (s, 3H), 3.36 (m, 2H), 3.70 (m, 3H), 4.30 (dd, 1H, J=6,7Hz), 4.68 (s, 
2H), 5.39 (t, 1H, J=8Hz), 6.95 (t, 1H, J=7Hz), 7.01 (s. 1H), 7.07 (t. 1H, 
J=7Hz), 7.30 (d, 1H, J=7Hz), 7.37 (d, 1H, J=7Hz). MS (DCI/NH3) m/e 
570 (M+H)+, 571 (M+NH 4 )+ Anal calcd for C29H39N5O7 • 0.6 TFA: C, 
56.85; H, 6.26; N, 1 0.98. Found: C, 56.96; H, 5.83; N, 1 0.98. 

Example 60 

2-(f1R)-1-rN-momoDiDeridin-1-vlsulfonvh-Leucvi-amin oi-2-rindQi-a. 

vl)ethvl>-5-methvl-oxazole-4-carfaQxvlifi ariri 

Example 60A 
N-(Homop|peridin-1-vlsijlfo nvn-Lfiijrinft 
Homopiperidine (6 mL) was dissolved in diethyl ether (250 mL) 
and cooled to 0 °C in an ice bath. HCI gas was bubbled through the 
solution. The resulting white solid was collected by filtration and dried in 
vacuo. The solid was taken up in sutfuryl chloride (20 mL) and the 
mixture heated at reflux. The reaction became very thick and additional 
sulfuryl chloride (10 mL) was added and reflux continued for 16 hours. 
The remaining sulfuryl chloride was evaporated and the residue distilled 
(90-100 °C, 0.1 mm) to give homopiperidinesulfonyl chloride as a 
colorless oil (9.06 g, 86%). The sulfonyl choride (0.97 g) was dissolved 
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in DMF (1 0 mL). Leu-OBn . pTsOH (2.03 g), HOnig's base (1 .75 mL) f 
and then DMAP (0.2 g) were added and the mixture stirred at room 
temperature for 16 hours. The solution was diluted with ethyi acetate, 
washed with water, 2 N HCI, saturated NaHCX>3 solution, and brine, 
5 dried, and evaporated. Purification by flash chromatography (10% 
EtOAc-hexane) gave N-(homopiperidin-1-yisulfonyl)-leucine benzyl 
ester as a white solid (0.88 g 9 47%). The benzyl ester (0.85 g) was 
dissolved in MeOH (20 mL) and 10% Pd/C (0.75 g) was added. The 
mixture was stirred at room temperature under an H2 atmosphere for 2.5 
10 hours. The catalyst was filtered off and the solvent evaporated to give 
the title compound as a colorless oil (0.66 g, 100%). 

1 

Example 60B 

2-{r1 Rl-1 -fN-f Homopiperidin-1 -vlsulfonvn-Leucvl-aminol-2-nndol-3- 
15 y»)ethyl}-5-methvl-oxazQte-4-carbQxv>ie add 

The title compound was prepared following the procedures 
described in Example 57E, substituting the compound resulting from 
Example 60A for N-(homopiperidin-1-ylcarbonyl)-Leucyl-OH. 1 H NMR 
(CD3OD, 300 MHz) 8 0.83 (d. 3H, J=6Hz), 0.90 (d, 3H. J=6Hz), 1.4-1.8 
20 (m, 1 1 H). 2.49 (s, 3H), 2.57 (s, 3H). 2.88 (dd, 1 H, J=9Hz,1 5Hz), 3.2-3.5 
(m, 5H), 4.20 (dd, 1H, J=6Hz.11Hz), 5.34 (dd, 1H. J=7Hz,8Hz), 6.95 
(ddd, 1H, J=1Hz,7Hz,8Hz), 7.07 (ddd. 1H, J=1 Hz,7Hz,8Hz). 7.10 (s, 1H), 
7.31 (td, 1H, J=1Hz.8Hz), 7.40 (td, 1H. J=1Hz,8Hz). MS (FAB+NBA) m/e 
538 (M+H)+, 560 (M+Na)+. Anal calcd for C29H39N5O5 • 1 .0 TFA: C, 
25 57.14; H, 6.19; N, 10.75. Found: C, 56.76; H, 6.23; N, 10.71. 

Example 61 

2-{(1 RV-1 -f N-f HomoDiperidin-1 -vkrarbonvlVLeucvl-amino1-2-flndol-3- 

yhethvrt-5-DhBnvl-oxazole-4-carboxvlic acid 
30 The title compound was prepared following the procedures 

described in Example 57, substituting benzoyl chloride for acetyl 
chloride in Example 57A 1 H NMR (CDCI3. 300 MHz) 5 0.84 (d, 3H, 
J=6Hz), 0.85 (d, 3H, J=6Hz), 1.47 (m, 7H), 1.62 (m, 4H), 3.2-3.4 (m, 5H), 
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3.47 (d, 2H. J=7Hz), 4.40 (brd q, 1H, J=8Hz), 4.87 (brd d, 1H, J=8Hz), 
5.60 (q, 1H, J= 8H2). 7.02 (d, 1H, J=1Hz), 7.07 (t, 1H, J=8Hz), 7.16 (t, 1H, 
J=8Hz), 7.33 (d. 1 H, J=8Hz), 7.40 (m, 4H), 7.53 (d. 1H, J=8Hz), 7.94 (m, 
2H), 8.13 (brd s. 1 H). MS (FAB+NBA) m/e 586 (M+H)+. HRMS Calcd for 
5 C33H40N5O5: 586.3029. Found: 586.3033. 

Example 62 

2-( M RM .fN-fHomoDiperidin-1 -vlcarbonvl\.Lft ucvl-aminQ)-3.finrinl-a- 

vnethvft-5-benzvl-oxa20te-4-carboxvlicarid 
10 The title compound was prepared following the procedures 

described in Example 57, substituting phenylacetyl chloride for acetyl 
chloride in Example 57A. 1 H NMR (CDCI3. 300 MHz) 5 0.84 (d. 3H, 
J=6Hz), 0.85 (d, 3H, J=6Hz), 1.50 (m. 7H), 1.66 (m, 4H), 3.2-3.5 (m, 6H), 
4.18 (d, 1H, J=15Hz), 4.32 (d, 1H, J=15Hz), 4.45 (brd q, 1H, J=8Hz), 
15 4.94 (brd d, 1 H, J=8Hz), 5.46 (q. 1 H, J= 8Hz), 6.70 (d, 1 H, J=2Hz). 7.03 
(dt, 1H, J=1Hz,8Hz), 7.14 (dt. 1H, J=1Hz,8Hz), 7.19 (m, 2H), 7.26 (m, 
5H), 7.37 (brd s, 1 H), 7.46 (d, 1 H, J=8Hz), 7.88 (brd s, 1 H). MS 
(FAB+NBA) m/e 600 (M+H)+, 622 (M+Na)+. Anal calcd for C34H41N5O5 
• 0.6 TFA: C, 63.28; H, 6.28; N, 10.48. Found: C, 63.50; H, 6.16; N. 
20 10.51. 

Example 63 

2-f ( 1 RV1 -fN-fHomoDiDeridin-1 -vlcarbony n.Leucvl-aminol-2-»ndol-3- 

vnethvn-5-ethvl-oxazole-4- carboxvlic acid 

25 The title compound was prepared following the procedures 

described in Example 57, substituting propionyl chloride for acetyl 
chloride in Example 57A. 1 H NMR (CD3OD, 300 MHz) 8 0.87 (d, 3H, 
J=7Hz), 0.88 (d, 3H, J=7Hz), 1.14 (t, 3H, J=8Hz), 1.4 (m, 2H), 1.54 (m, 
5H), 1.68 (m, 4H), 2.94 (dq, 2H, J=2Hz,8Hz), 3.2-3.5 (m, 6H), 4.37 (dd, 

30 1 H, J=6Hz,10Hz), 5.39 (t, 1 H, J=6Hz), 6.94 (ddd, 1 H, J=1 Hz,7Hz,8Hz), 
6.98 (s, 1H), 7.07 (ddd. 1H, J=1Hz,7Hz,8Hz), 7.33 (td, 1H, J=1Hz,8Hz), 
7.34 (dd, 1 H, J=1 Hz,8Hz). MS (FAB/NBA) m/e 538 (M+H)+. Anal calcd 
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for CzgH^NsOs • 0.7 TFA: C, 59.14, H, 6.48, N, 1 1 .34. Found: C, 58.94, 

H, 6.47, N, 11.92. 

Example 64 

5 2-f M RM-fN-f Homopiperidin-1 -vlcarbonvlVLeucvl-amino1-2-findol-3- 

yltethvl}-S-Dropvl-oxazote-4-carpoxvlic acid 
The title compound was prepared following the procedures 
described in Example 57, substituting butyiyl chloride for acetyl chloride 
in Example 57A. 1 H NMR (CD3OD, 300 MHz) S 0.85 (d, 3H, J»7Hz), 
10 0.86 (d, 3H. J=7Hz), 0.90 (t, 3H, J=8Hz). 1 .4-1 .5 (m, 2H), 1 .53 (m, 5H), 

I. 60 (m, 2H), 1.68 (m, 4H), 2.94 (dt, 2H, J=2Hz,8Hz). 3.3-3.6 (m, 6H), 
4.36 (dd, 1 H, J=6Hz,1 0Hz), 5.38 (t, 1 H. J=6Hz), 6.95 (ddd, 1 H, 
J*1Hz,7Hz,8Hz), 6.97 (s, 1H), 7.07 (ddd. 1H, J=1Hz,7Hz,8Hz), 7.30 (d, 

I H, J=8Hz), 7.35 (d, 1 H, J=8Hz). MS (DCI/NH3) m/e 552 (M+H)+, 569 
15 (M+NH 4 )+. Anal calcd for C30H41 N5O5 • 0.3 TFA: C, 62.73; H, 7.1 1 ; N, 

I I . 95. Found: C, 62.43; H, 6.95; N, 1 1 .79. 

Example 65 

2-f(1 RM-fN-f Homopiperidin-1 -ylcarbonvlVLeucvl-amino1-2-findol-3- 
20 vnethvf}-5-cvclopropvl-oxazole-4-carboxvlic acid 

The title compound was prepared following the procedures 
described in Example 57, substituting cyclopropytearbonyl chloride for 
acetyl chloride in Example 57A 1 H NMR (CD3OD, 300 MHz) 6 0.84 (d, 
3H, J=6Hz), 0.86 (d, 3H, J=6Hz), 0.87 (m, 2H), 1.04 (dd, 2H, J=3Hz,9Hz), 
25 1 .4 (m, 2H), 1 .53 (m, 5H), 1 .68 (m, 4H), 2.65 (m, 1 H), 3.3-3.6 (m, 6H), 
4.34 (dd, 1 H, J=6Hz,1 0Hz), 5.34 (t, 1 H, J=7Hz), 6.95 (ddd, 1 H, 
J=1Hz,7Hz,8Hz), 6.97 (s, 1H), 7.07 (ddd, 1H, J=1Hz,7Hz,8Hz), 7.32 (d, 
1H, J=8Hz), 7.34 (dd, 1H, J=1Hz,8Hz). MS (DCI/NH3) m/e 550 (M+H)+, 
567 (M+NH 4 )+. Anal calcd for C30H39N5O5 • 0.8 TFA: C, 59.22; H, 6.26; 
30 N, 10.93. Found: C, 58.92, H, 5.96, N, 1 0.83. 
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Example.66 

2-f M Rl-1 -rN-rHomopioeridin-1 -ylfl art)onvl)-Leu(*l-amino1-2-flnr1nt-3- 
vltethvn-5-isopropvl-oxazole-4-carboxvlic add 
The title compound was prepared following the procedures 
5 described in Example 57, substituting isovaleryl chloride for acetyl 
chloride in Example 57A. 1 H-NMR (CD3OD. 300 MHz) 5 0.87 (d, 3H, 
J=6Hz), 0.89 (d, 3H, J=6Hz), 1.15 (d, 3H, J=7Hz), 1.18 (d, 3H, J=7Hz), 
1.4-1.5 (m, 2H), 1.52 (m, 5H), 1.68 (m, 4H), 3.3-3.5 (m, 6H), 3.69 (m, 1H), 
4.38 (dd, 1H, J=6Hz,10Hz), 5.37 (t, 1H, J=6Hz), 6.93 (ddd, 1H, 
10 J»1 Hz,7Hz,8Hz), 6.97 (s, 1 H), 7.06 (ddd, 1 H, J=1 Hz,7Hz,8Hz), 7.30 (d, 
2H, J=9Hz). MS PCI/NH3) m/e 552 (M+H)+ 569 (M+NH 4 )+ Analcalcd 
for C30H41N5O5 • 0.9 TFA: C, 58.38, H, 6.45, N, 10.70. Found: C. 58.54, 
H, 6.45, N, 10.75. 

15 Example 67 

2-f (1 RM -fN-f N-Homopiperidin-1 -vIcarbonvl-N-methvl-Leuc vlVaminol- 
2-findol-3-vnethvn-5-methvl-oxazQle-4-carboxvlic acid 
The title compound was prepared following the procedures 
described in Example 57, substituting (N-methyl)Leu-OBn for Leu-OBn 
20 in Example 57D. 1 H-NMR (CD3OD, 300 MHz) 8 0.83 (d, 3H, J=6Hz), 
0.90 (d, 3H, J=6Hz), 1.4-1.8 (m, 11H), 2.49 (s, 3H), 2.57 (s, 3H), 2.88 (dd, 
1 H, J=9Hz,1 5Hz), 3.2-3.5 (m, 5H), 4.20 (dd, 1 H, J=6Hz,1 1 Hz), 5.34 (dd, 
1H, J=7Hz,8Hz), 6.95 (ddd, 1H, J=1 Hz.7Hz,8Hz), 7.07 (ddd, 1H, 
J=1Hz,7Hz,8Hz), 7.10 (S, 1H), 7.31 (td, 1H, J=1Hz,8Hz), 7.40 (td, 1H, 
25 J=1 Hz,8Hz). MS (FAB+NBA) m/e 538 (M+H)+, 560 (M+Na)+ Anal calcd 
for C29H39N5O5 • 1.0 TFA: C, 57.14, H, 6.19. N, 10.75. Found: C, 56.76, 
H, 6.23, N, 10.71. 



11/28/06, EAST Version: 2.1.0.14 



WO 95/08550 PCT/US94V10049 



-106- 

Example 68 

9-{M RM .rN-momopiperidin-1 -vlca rhnnvn-Leucvl-amino1-2-findol-3- 
ynethvl}-5-me thyl-oxa2ol6-A-earbQxvlic acid ethvl ester 
The compound resulting from Example 57C (68 mg) was 
5 dissolved in THF (2 ml_). HOBt (30 mg), the acid prepared in Example 
57D (55 mg) and EDCI (42 mg) were added. N-Methylmorpholine (1 0 
\iL) was added and the mixture stirred at room temperature for 18 hours. 
The solvent was evaporated under reduced pressure and the residue 
taken up in EtOAc. The solution was washed with saturated NaHC03 
10 solution, 1 U H3PO4 and brine, dried with MgS04, and evaporated in 
vacuo to give an orange oil which was purified by flash chromatography 
on silica gel eluting with 50% EtOAc-hexane. 1 H NMR (CD3OD, 300 
MHz) 6 0.87 (d, 3H, J=7Hz), 0.88 (d, 3H, J=7Hz), 1 .34 (t, 3H, J=8Hz), 
1.43 (m, 2H), 1.52 (m, 5H), 1.67 (m, 4H), 2.55 (s, 3H), 3.25-3.5 (m, 6H), 
15 4.32 (q, 2H, J=8Hz), 4.35 (dd, 1 H, J=5Hz,9Hz), 5.39 (t. 1 H. J=8Hz), 6.95 
(ddd, 1H, J=1Hz,7Hz,8Hz), 6.98 (s, 1H), 7.07 (ddd, 1H, J=1 Hz,7Hz,8Hz), 
7.31 (td, 1H, J=1Hz,8Hz), 7.36 (d, 1H. J=8Hz). MS (DCI/NH3) m/e 552 
(M+H)+, 569(M+NH4)+ Anal cakxJ for C30H41N5O5 • 0.4 TFA: C, 61 .94; 
H, 6.99; N, 1 1.73. Found: C, 62.02; H, 7.08; N, 1 1 .70. 

20 

2-f M m-1 -fN-momo piperidin-1 -vlcarbonvn-Leucvl-aminoV2-nndol-3- 
ynethyl}-5-methvl-oxazQ le-4-fN-hvdroxv^carboxamide 

The compound resulting from Example 57E was dissolved in 3 
25 mL of THF and cooled to 0 °C. Oxalyl chloride (20 pL) and one drop of 
DMF were added and the solution stirred for 90 minutes at 0 °C. 
Hydroxylamine was dissolved in 2 mL of THF and cooled to 0 °C. The 
acid chloride solution was added, and the mixture was allowed to warm 
to room temperature and stirred overnight. The solvents were 
30 evaporated and the residue purified by preparative HPLC (Vydac uC18) 
eluting with a 10-70% gradient of CH3CN in 0.1% TFA. The desired 
fractions were lyophilized to give the title compound as a white solid. 1 H 
NMR (CD3OD, 300 MHz) 6 0.84 (d, 3H, J=7Hz), 0.85 (d, 3H, J=7Hz), 1.4 
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(m, 2H), 1.52 (m, 5H), 1.67 (m, 4H), 2.53 (s, 3H), 3.25-3.5 (m, 6H), 4.29 
(dd, 1H, J=6Hz,10Hz), 5.36 (dd, 1 H, J=7Hz,8Hz), 6.97 (ddd, 1 H, 
J=1Hz,7Hz,8Hz), 7.02 (s, 1H), 7.07 (ddd, 1H, J=1Hz,7Hz,8Hz), 7.31 (td, 
1 H, J=1 Hz,8Hz), 7.44 (td, 1 H, J=1 Hz,8Hz). MS (DCI/NH3) m/e 539 
5 (M+H)+. Anal calcd for C28H38N6O5 • 0.8 TFA: C, 56.45; H, 6.21 ; N, 
13.34. Found: C, 56.51 ; H, 6.09; N, 13.13. 

Example 70 

2-fMR\-1-fN-(HomoDiDeridin-1-vlcarbonvn-Leucvl-aminol-2-nndol-3- 

10 yl)9thyl}-5-methyl-QxazQl8-4-(N-m9thyi)carbpxamid9 

The title compound was prepared by the procedure described in 
Example 69 but substituting 40% aqueous methylamine for 
hydroxylamine. 1 H NMR (CD3OD, 300 MHz) 5 0.85 (d, 3H, J=7Hz), 0.86 
(d, 3H, J=7Hz), 1.3-1.5 (m, 2H), 1.52 (m, 5H), 1.67 (m, 4H), 2.52 (s, 3H), 

15 2.85 (S, 3H), 2.93 (m, 1 H), 3.3-3.5 (m, 6H), 4.30 (dd, 1 H. J=6Hz,1 0Hz), 
5.36 (dd, 1 H, J=7Hz,8Hz), 6.97 (ddd. 1 H, J=1 Hz,7Hz,8Hz), 7.00 (s, 1 H). 
7.07 (ddd, 1 H, J=1 Hz,7Hz,8Hz), 7.31 (td, 1 H, J=1 Hz,8Hz), 7.44(td, 1 H, 
Jo1Hz,8Hz). MS (DCI/NH3) m/e 537 (M+H)+. Anal calcd for 
C29H40N6O4 • 0.3 TFA: C, 62.28; H, 7.12; N, 1 4.72. Found: C, 61 .97; H, 

20 7.06; N, 12.71. 

Example 71 

2-f ( 1 m-1 -[N-f Homopiperidin-1 -vlcartx>nvn-Leucvl-aminoT-2-findol-3- 
vnethyl}-5-methvl-Qxa?Qle-4-(N-carboxymathvncarboxamide 

25 The title compound was prepared by the procedure described in 

Example 69 substituting glycine ethyl ester for hydroxylamine. The 
resulting product was dissolved in THF (2 mL), a solution of LiOH (50 
mg) in H2O (1 mL) was added and the mixture was stirred at room 
temperature for 15 hours. The solvents were evaporated under reduced 

30 pressure and the residue purified by preparative HPLC (Vydac U.C18) 
eluting with a 10-70% gradient of CH3CN in 0.1% TFA. The desired 
fractions were lyophilized to give the product as a white solid. 1 H NMR 
(CD3OD, 300 MHz) 5 0.84 (d, 3H, J=7Hz), 0.85 (d, 3H, J=7Hz), 1 .4 (m, 
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2H), 1.52 (m, 5H) f 1.67 (m, 4H), 2.52 (s, 3H), 3.3-3.5 (m, 6H), 4.04 (s, 
2H), 4.31 (dd, 1H, J=6Hz,10Hz), 5.39 (dd, 1H, J«7Hz,8Hz), 6.97 (ddd, 
1H, J=1Hz,7Hz,8Hz), 7.03 (s, 1H), 7.07 (ddd, 1H, J=1Hz,7Hz,8Hz), 7.30 
(td, 1 H, J=1 Hz,8Hz), 7.45 (td f 1H, J«1 Hz,8Hz). MS (DCI/NH3) m/e 
5 581 (M+H)+ Anal calcd for C30H40N6O6 ■ 0.7 TFA: C f 57.10; H, 6.21 ; N, 
12.72. Found: C, 57.27; H, 6.20; N, 12.71 . 

Example 72 

2^riRV1-fN-fHomo ptperidin-1-vlcarbonvh-Leucvl-amino1-2-nndol-3- 
10 Yltethvll-5-methvl-oxazole-4-acetic acid 

Examp'9 72A 

2-{(1 RM -(Cbz-Amino V2-findot-3-vnethvl^5-methvl-oxazole-4-acetic 

acid 

15 A solution of the compound resulting from Example 57B (200 mg, 

0.46 mmol) in 4 mL of THF was combined with 40 mg of LiOH in 1 mL of 
water. The mixture was stirred at ambient temperature for 65 hours and 
then heated at 45 °C for 3 hours. The organic solvent was removed in 
vacuo; the aqueous solution was neutralized with 1H H3PO4 and then 

20 extracted with EtOAc. The combined organic extracts were 

concentrated in vacuo to give the crude acid, which was used without 
further purification. 

To the above crude acid dissolved in 5 mL of THF and cooled to 
-20 °C was added 100 \iL of N*methylmorpholine, followed by 60 \iL of 

25 isobutyl chloroformate. The resultant slurry was stirred at -20 °C for 45 
minutes. An ethereal solution of diazomethane (10 mL of -0.3 £4) was 
added dropwise, and the mixture was allowed to warm to ambient 
temperature over 3.5 hours. The solvents were removed in vacuo; the 
residue was taken up in EtOAc and washed sequentially with water and 

30 brine. The organic phase was dried over Na2S04 and stripped in 
vacuo. The crude product was purified by flash chromatography on 
silica gel eluting with 1 :1 hexanes-ethyl acetate. 
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To the diazoketone prepared above dissolved in 10 mL of 
methanol was added a solution of 150 mg of silver benzoate in 2 mL of 
triethylamine (filtered through a short pad of Celite) over a 10-minute 
period. After stirring for 2 hours the solution had turned dark brown. 
5 The solvents were removed in vacuo; the residue was stirred with 1 20 
mL of a 1 :1 water-ethyl acetate mixture for 10 minutes and then filtered 
through a pad of Celite. The organic layer was washed with brine, dried 
over Na2S04 and stripped in vacuo. The crude product was purified by 
flash chromatography on silica gel eluting with a gradient of 1 :1 going to 
10 2:1 ethyl acetate-hexanes to afford the product (13 mg, 6% yield) as a 
colorless oil. 

Exampig 72B 

24(1 R)-1 -fN-( Homopjperidin-1 -vlcarbonvn-Leucvl-amino1-2-nndol-3- 

15 yl)ethy!}-frmethyl-Qwote-4-acetic acid 

The title compound was prepared following the procedures 
described in Example 57C-E, substituting the compound resulting from 
Example 72A for 2-{(1 R)-(Benzyloxycarbonylamino)-2-(indol-3-yl)ethyl}- 
5-methyl-oxazole-4-carboxylic acid ethyl ester in Example 57C. 1 H 

20 NMR (CD3OD, 300 MHz) 8 0.85 (d, 6H, J=6Hz), 0.94 (m, 1 H), 1 .40 (m, 
1H), 1.52 (m f 5H), 1.66 (m, 4H), 2.24 (s, 3H), 3.3-3.5 (m f 6H), 3.45 (s, 
2H), 4.33 (dd, 1H, J=6Hz,9Hz), 5.37 (7, 1H f J«7Hz) f 6.96 (ddd, 1H, 
J«1Hz f 7Hz,8Hz) l 6.97 (s, 1H), 7.07 (ddd, 1H f J=1Hz,7Hz,8Hz), 7.29 (td, 
1 H, J=1 Hz,8Hz), 7.36 (td, 1 H. J=1 Hz,8Hz). MS (DCI^IH 3 ) m/e 538 

25 (M+H)+. HRMS Calcd for C29H40N5O5: 538.3029. Found: 358.3030. 



11/28/06, EAST Version: 2.1.0.14 



WO 95/08550 



PCT/US94/ 10049 



-110- 

Example 73 

2-{2R-fN-rHom npiperidin-1-vlcarbonvn-Leucvl-amino1-3-nndol-3- 
yl)propyl}-5-m ethyl-Qxazote-4-carboxvnc acid 

5 Example 73A 

Cbz-a-homo-D-Trvptophanvl-OH 
A solution of Cbz-D-Tryptophanyl-OH (2.69 g, 8.1 mmol) In 50 mL 
of THF was cooled to -20 °C and 0.9 mL (8.1 mmol) of N- 
methylmorpholine was added, followed by 1.05 mL (8.1 mmol) of 

10 isobutyl chloroformate. The resultant slurry was stirred at -20 °C for 40 
minutes, and then was filtered through a pad of Celite® to remove the 
precipitate, washing the pad with ice cold THF. 

An ethereal solution of diazomethane (250 mL of -0.3 N solution) 
was cooled to -20 °C in a 500-mL clearseal round-bottom flask. The 

15 above mixed-anhydride solution was added dropwise over 15 minutes. 
After 1 5 minutes of additional stirring, the bath was removed and the 
solution allowed to warm to ambient temperature over 1 50 minutes. The 
solvents were removed in vacuo; the residue was taken up in EtOAc and 
washed sequentially with water and brine. The organic phase was 

20 dried over Na2S04 and stripped in vacuo. The crude product was 
dissolved in 100 mL of methanol, and a solution of 1 .0 g of silver 
benzoate in 10 mL of triethylamine (filtered through a short pad of 
Celite) was added over a 5-minute period. After stirring for 60 minutes 
the solution had turned dark brown. The solvents were removed in 

25 vacuo; the residue was stirred with 1 20 mL of a 1 :1 water-ethyl acetate 
mixture for 10 minutes, then filtered through a pad of Celite. The organic 
layer was washed with brine, dried over Na2S04 and stripped in vacuo. 
The crude product was purified by flash chromatography on silica gel 
eluting with a gradient of 3:1 going to 1 :1 hexanes-ethyl acetate to elute 

30 the product (2.63 g, 89% yield) as a colorless oil. 

A portion of the above material (1.10 g v 3.0 mmol) was dissolved 
in 1 5 mL of THF; a solution of 0.1 5 g of LiOH in 5 mL of water was 
added. The resultant mixture was stirred at ambient temperature for 3 
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hours, and then heated to 40 °C for 2 hours. The organic solvent was 
removed in vacua, the solution was neutralized with 1 U H3PO4, then 
extracted with EtOAc to give the cnjde acid, which was used without 
further purification. 

Example 73B 

2-f2R-fN-momooiperidin-1-vlcarbonvh-Leucvl-amino1-3-nndnl-a- 
vnpropv»-5-methvl-oxazole-4-carfaoxvlie add 
The title compound was prepared following the procedures 
described in Example 57, substituting the compound resulting from 
Example 73A for Cbz-D-Tryptophan in Example 57A. 1 H NMR (CD3OD, 
300 MHz) 5 0.83 (d, 3H, J=6Hz), 0.86 (d, 3H, J=6Hz), 1.1-1.2 (m, 2H), 
1.53 (m, 4H), 1.68 (m, 5H), 2.52 (s, 3H), 2.88 (dd, 1H, J=9Hz,15Hz), 3.05 
(m, 3H), 3.2-3.5 (m, 4H), 4.22 (dd, 1H, J=5Hz,10Hz), 4.62 (m, 1H), 7.00 
(ddd, 1H, J=1Hz,7Hz,8Hz), 7.08 (s, 1H), 7.09 (ddd, 1H, J=1Hz,7Hz,8Hz), 
7.33 (td, 1 H, J=1 Hz,8Hz), 7.56 (td. 1 H, J=1 Hz,8Hz). MS (FAB+NBA) m/e 
538 (M+H)+, 560 (M+Na)+. Anal calcd for C29H39N5O5 • 0.9 TFA: C, 
57.78; H, 6.28; N. 10.94. Found: C, 57.50; H, 6.22; N, 10.75. 

Example 74 

2-(f1R^-1-fN-momopiperidin-1-vlcarbonvn-Leucvl-aminoV2-M-methyl- 
indol-3-vnethvn-5-methvl-nxa2ole-4-carhoxvlic acid 
The title compound was prepared following the procedures 
described in Example 57, substituting Cbz-D-Trp(1-methyl)-OH, 
prepared according to the method of Cook, et a/., Chem. Pharm. Bull. 12 
88 (1965), for Cbz-D-Trp-OH in Example 57A. 1 H NMR (CD3OD, 300 
MHz) 8 0.86 (d, 6H, J=7Hz), 1 .4 (m, 2H), 1 .53 (m, 5H), 1 .67 (m, 4H), 2.54 
(s. 3H), 3.25-3.5 (m, 6H), 3.73 (s, 3H), 4.33 (dd, 1 H. J=6Hz,10Hz), 5.37 
(t, 1H, J=7Hz), 6.93 (s, 1H), 6.99 (ddd, 1H, J=1 Hz,7Hz,8Hz), 7.04 (ddd, 
1 H, J=1 Hz.7Hz,8Hz), 7.31 (d, 1 H, J=8Hz), 7.40 (td, 1 H, J»1 Hz,8Hz). MS 
(DCI/NH3) m/e 538 (M+H)+, 555 (M+NH 4 ) + . Anal calcd for C29H39N5O5 
• 1.0 TFA: C, 57.14; H, 6.19; N, 10.75. Found: C, 56.96; H, 6.16; N, 
10.71. 
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• 

Example 75 

2.{f1RW1-^N- Boc-Leucvh-amino1-2-rindol-3-vnethvl>-5-methvl-oxa20le- 

4-carboxvlic acfd 

5 

Example 75A 

2.fMRV1-rN-Boe-Leunvl-amino1-2-rindol-3-vhethvl}-S-methvl-oxa20le-4- 

carbowHe add ethvl ester 
The compound resulting from Example 57B (1 .7 g) was dissolved 

10 in EtOH (10 mL). 10% Pd/C (0.5 g) was added and the mixture stirred at 
room temperature under an atmosphere of hydrogen. After two hours 
the catalyst was removed by filtration and the solvent evaporated in 
vacuo to give a white solid (1 .2 g). The solid was dissolved in THF (10 
mL) and added to a solution of Boc-Leu-OH • hfeO (1 .0 g) and HOBt (0.5 

15 g) in THF (10 mL). EDCI (0.75 g) was added to the solution, followed by 
DMF (2 mL). The mixture was stirred for 20 hours at room temperature. 
The solvent was evaporated in vacuo and the residue taken up in 
EtOAc. The solution was washed with saturated NaHCC>3 solution, 1 ££ 
H3PO4, and brine, dried with MgSCXj, and evaporated to give an orange 

20 solid that was purified by flash chromatography eluting with 25% EtOAc- 
hexane to afford (1 .85 g, 92%) of the title compound. 1 H NMR (CDCI 3 , 
300 MHz) 8 0.84 (d, 6H, J=8Hz). 1.38 (t, 3H, J=8Hz), 1.39 (s, 9H), 1 .43 
(m, 3H), 2.50 (s, 3H), 3.40 (d, 2H, J=8Hz). 4.18 (br s, 1 H), 4.39 (q, 2H, 
J=8Hz), 4.80 (m, 1H), 5.51 (q, 1H, J=8Hz), 6.65 (d, 1H, J=10Hz), 6.97 (s, 

25 1 H), 7.08 (t, 1 H, J=8Hz), 7.1 7 (t, 1 H, J=8Hz), 7.32 (d, 1 H, J=8Hz), 7.45 
(m, 1H, J=8Hz), 8.05 (s. 1H). MS (DCI/NH3) m/e 526 (M+H)+ 544 
(M+NH 4 )+. 
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Exam ple 75 P 

2-{MR\-1-frN-Boc-Leucyh-aminoV2-findol-3-vltethvl}-5-methvl-oxazolB- 

4-carboxvlic add 
To the compound resulting from Example 75A (1 00 mg) dissolved 
5 in THF (2 mL) was added a solution of LiOH (50 mg) in H 2 0 (1 mL). The 
mixture was stirred at room temperature for 1 5 hours. The solvents were 
evaporated under reduced pressure and the residue purified by 
preparative HPLC (Vydac uC18) eluting with a 10-70% gradient of 
CH3CN in 0.1% TFA. The desired fractions were lyophilized to give the 
10 product as a white solid. 1 H NMR (CDCI3, 300 MHz) 8 0.82 (d, 3H, 

J=8Hz), 0.85 (d. 3H, J»8Hz), 1.4 (m, 9H), 2.53 (s, 3H), 3.39 (m, 2H), 4.12 
(q, 1H f J»8Hz), 4.88 (m, 1H), 5.52 (m. 1H), 6.95 (s, 1H), 7.05 (m, 1H), 
7.16 (m, 1H), 7.30 (m, 1H), 7.46 (m, 1H), 8.04 (s, 1H). MS (DCI/NH3) 
m/e 499 (M+H)+, 51 6 (M+NH4)+. Anal calcd for C26H34N4O6 • 1 .75 H 2 0 • 
15 0.65 TFA: C, 54.27; H, 6.36; N, 9.27. Found: C, 54.1 8; H, 6.31 ; N. 9.43. 

Example 76 

2-ff1R>-1-fN-Ph9nvlacetvl-Leucvl-amino1-2-tindol-3-vnethyf}-5-methvl- 

oxazQle-4-carboxvlic acid 

20 

Example 76A 

2-U 1 Rl-1 -fN-Phenvlacetvl-Leucvl-aminoV2-t indol-3-vnethvH-5-methvl- 

oxazole-4-carboxvlic acid ethvl ester 
The compound resulting from Example 75A (0.15 g) was taken up 
25 in 4 H HCI in dioxane (2 mL) and stirred at room temperature for 1 hour. 
The solvent was evaporated under reduced pressure and the residue 
taken up in EtOAc (10 mL). The solution was washed with saturated 
NaHC03 solution and brine, dried with MgSCU and evaporated in vacuo 
to give a white solid which was dissolved in THF (5 mL). Et3N (42 uL) 
30 was added followed by phenylacetyl chloride (44 mg, 26 \iL). The 
solution was stirred at room temperature for 5 hours. The solvent was 
evaporated and the residue taken up in EtOAc. The solution was 
washed with saturated NaHCC^ solution, 1 H H3PO4 and brine, dried 
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with MgS04, and evaporated in vacuo to give the ethyl ester as a white 
solid. 

Example 76B 

5 2- {(1RV1-[N-Phenvlacetvl- Leucvl-aminQV2-nndol-3-vhethyl}-5-methyl- 

mfazote-4-carboxvlic acid 

The ethyl ester resulting from Example 76A was dissolved in THF 
(3 mL) and a solution of UOH (0.1 g) in hfeO (3 mL) was added. The 
mixture was stirred at room temperature for 1 8 hours. The solvent was 

10 evaporated under reduced pressure and the residue purified by 
preparative HPLC (Vydac u,C18) eluting with a 1 0-70% gradient of 
CH3CN in 0.1% TFA The desired fractions were fyophilized to give the 
title compound as a white solid. 1 H NMR (CD3OD, 300 MHz) 5 0.74 (d, 
3H, J=8Hz), 0.77 (d, 3H, J=8Hz), 1.2-1 .4 (m, 4H), 2.51 (s, 3H), 3.25-3.45 

15 (m, 2H), 3.48 (s, 2H), 4.36 (m, 1 H), 5.37 (m, 1 H). 6.97 (t, 1 H, J=7Hz), 
7.02 (s, 1H), 7.07 (t. 1H, J=7Hz), 7.24 (m, 5H), 7.30 (d, 1H, J=9Hz), 7.46 
(d, 1H, J=9Hz), 8.24 (d. 1H, J=8Hz). MS (DCI/NH3) m/e 517 (M+H)+ 
534 (M+NH 4 )+ Anal calcd for C29H32N4O5 • 0.2 TFA: C, 65.47; H, 6.02; 
N, 10.39. Found: C. 65.59; H, 6.18; N, 10.47. 

20 

Example 77 

2-{(1RW1-fN-(Benzvlaminocarbonvn-Leucvl-amino1-2-findol-3-vhethvl>- 

5-methyloxazol6-4-carboxvlic acid 
The title compound was prepared by the procedures described in 

25 Example 76 but substituting benzyl isocyanate for phenylacetyl chloride 
in Example 76A. 1 H NMR (CD3OD, 300 MHz) 8 0.81 (d, 3H, J=4Hz), 
0.83 (d, 3H, J=4Hz), 1 .28 (t, 2H, J=8Hz), 1 .45 (m, 1 H). 2.51 (s, 3H), 3.46 
(m, 2H), 4.23 (t, 1 H, J=7Hz), 4.39 (s, 2H), 5.38 (m, 1 H), 6.96 (t, 1 H, 
J=9Hz), 7.03 (S, 1H), 7.07 (t, 1H, J=9Hz), 7.17-7.33 (m, 6H), 7.43 (d, 1H, 

30 J=9Hz). MS (DCI/NH3) m/e 532 (M+H)+ 549 (M+NH 4 ) + . Anal calcd for 
C29H33N5O5 • 1.0 TFA: C, 57.67; H, 5.31 ; N, 1 0.85. Found: C, 57.43; H, 
5.08; N, 10.72. 
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Example 78 

2-fnR^-1-fN-fBenzenesulfonvl>-Leucvl-aminol-2-nndol-3-vhflthyt}-S- 

methvl-oxazole-4-carboxvlic add 

The title compound was prepared by the procedures described in 
5 Example 76 but substituting benzenesulfonyl chloride for phenylacetyl 
chloride in Example 76A. 1 H NMR (CD3OD, 300 MHz) 5 0.65 (d, 3H, 
J»7Hz), 0.73 (d, 3H, J=7Hz), 1.02 (m, 1H). 1.21 (m, 1H), 1.42 (m, 1H), 
2.54 (s, 3H), 3.23 (t, 2H, J=7Hz), 3.55 (dd, 1H, J=6Hz,9Hz), 5.1 (m, 1H), 
6.95 (dt, 1H, J=1Hz,7Hz), 7.02 (s, 1H), 7.06 (dt. 1H, J=1Hz,7Hz), 7.28 (d, 
10 1 H, J=8Hz), 7.40 (m, 4H), 7.77 (dd, 1 H, J=7Hz), 8.34 (d, 7H). MS 
(DCI/NH3) m/e 539 (M+H)+, 556 (M+NH 4 ) + . Anal calcd for 
C27H30N4SO6 • 0.2 TFA: C, 58.62; H, 5.42; N, 9.98. Found: C, 58.70; H. 
5.65; N, 10.15. 

15 Exanrola 79 

2-(Mm-1-fN-fN.N-Diethvlaminoc arfaonvlVLeucyl-aminoT-2-nndol-3- 

vnethvl>-5-methvl-oxazole-4-carboxvlic acid 
The title compound was prepared by the procedures described in 
Example 76 but substituting diethylcarbamyl chloride for phenylacetyl 
20 chloride in Example 76A. 1 H NMR (CD3OD, 300 MHz) S 0.84 (d, 6H, 
J=7Hz), 1.08 (t, 6H, J=7Hz), 1 .42 (m. 3H), 2.54 (s. 3H). 3.26 (q, 4H. 
J=7Hz), 3.37 (d, 2H, J=8Hz), 4.34 (dd, 1H, J=6Hz,7Hz), 5.40 (t, 1H, 
J=6Hz), 6.96 (dt, 1H, J=1Hz,7Hz), 7.00 (s. 1H), 7.06 (dt, 1H, J=1Hz,7Hz), 
7.30 (d, 1 H, J=8Hz), 7.36 (d, 1H, J=8Hz). MS (DCI/NH3) m/e 498 
25 (M+H)+, 51 5 (M+NH4) + . Anal calcd for C26H35N5O5 • 0.30 TFA: C, 
60.08; H, 6.69; N, 13.17. Found: C, 59.97; H, 6.57; N, 13.05. 
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Examp'9 SQ 

9-{M RM -f N-/CvdohexvlaceMlLeucv[-am^ 

mathvl-oxazote-4-carboxvlic acid 
The compound resulting from Example 75A (0.10 g) was taken up 
5 in 4 M HCI in dioxane (2 mL) and stirred at room temperature for 1 hour. 
The solvent was evaporated under reduced pressure and the residue 
taken up in EtOAc (1 0 mL). The solution was washed with saturated 
NaHC03 solution and brine, dried with MgS04 and evaporated in vacuo 
to give a white solid which was dissolved in THF (5 mL). 

10 Cyclohexylacetic acid (0.03 g) was added followed by HOBt (0.03 g), N- 
methylmorpholine (0.02 g) and EDCI (0.04 g). DMF (1 mL) was added 
and the solution was stirred at room temperature for 18 hours. The 
solvent was evaporated and the residue taken up in EtOAc. The organic 
solution was washed with saturated NaHCOa solution, 1 H H3PO4, and 

15 brine, dried with MgS04, and evaporated. The residue was taken up in 
THF (2 mL). UOH (0.10 g) in H 2 0 (2 mL) was added and the solution 
stirred at room temperature for three hours. The solvent was evaporated 
under reduced pressure and the residue purified by preparative HPLC 
(Vydac uC18) eluting with a 10-70% gradient of CH 3 CN in 0.1% TFA. 

20 The desired fractions were lyophilized to give the title compound as a 
white solid. 1 H NMR (CD3OD, 300 MHz) for the major diastereomer 5 
0.76 (d, 3H, 7Hz), 0.78 (d, 3H, 7Hz), 0.89 (m, 3H), 1.1-1.5 (m, 7H), 1.58 
(m, 6H), 2.00 (d. 2H, J=8Hz), 2.52 (s, 3H), 3.30 (m, 2H). 4.35 (m, 1 H), 
5.40 (m, 1 H), 6.05 (m, 1 H), 7.00 (s, 1 H), 7.05 (m, 1 H), 7.30 (d, 1 H, 

25 J=7Hz), 7.44 (d, 1H, J=7Hz). MS (DCI/NH3) m/e 522 (M+H)+ Anal 
calcd for C29H39N5O5 • 1.25 TFA: C, 56.97; H, 6.1 1 ; N, 10.54. Found: C, 
57.10; H, 6.36; N, 10.70. 
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iple 81 



2-fMR>-1-rN-r2-ProDvlvalervh-Leuevl-amino1.2-nndol-3-vnBthvt}.S. 

methvl-oxazole-4-carboxylic acid 

The title compound was prepared following the procedures 
5 described in Example 80, substituting 2-propylpentanoic acid for 

cyclohexylacetic acid. *H NMR (CD3OD, 300 MHz) 5 0.83 (m, 12H), 1.1- 
1.6 (m, 1 1 H). 2.24 (m, 1 H), 2.52 (s, 3H), 3.31 (dd, 1 H, J«6Hz,1 5Hz), 3.42 
(dd, 1 H, J=6Hz,1 5Hz), 4.41 (dd. 1 H, J=6Hz,9Hz), 5.38 (m, 1 H) , 6.97 (dt, 
1 H, J«1 Hz,8Hz), 7.04 (s. 1 H). 7.07 (dt, 1 H, J=1 Hz,8Hz), 7.30 (dd, 1 H, 
10 J=1Hz,7Hz),7.46(dd,1H,J=1Hz,7Hz). MS (FAB) rn/e 525 (M+H)+, 547 
(M+Na)+. Anal calcd for C29H40N4O5 • 1 .2 H2O • 0. 1 5 TFA: C, 62.47; H, 
7.61 ;N, 9.94. Found: C, 62.47; H, 7.64; N, 9.77. 

Example 82 

15 2-ff1RV1-fN- f3.3-Dimethylbutvrvn-Leucvl-amino1-2-nndQl-3-vhethvl}-S- 

methvl-oxazole-4-carfaoxvfic arid 
The title compound was prepared following the procedures I 

described in Example 80, substituting 3,3-dimethylbutyric acid for 

cyclohexylacetic acid. 1 H NMR (CO3OD, 300 MHz) 5 0.79 (d, 3H. 
20 J=7Hz), 0.82 (d, 3H, J=7Hz), 0.96 (s,9H). 1 .15-1 .45 (m, 3H), 2.04 (s, 2H), 

2.54 (s, 3H), 3.37 (m, 2H), 4.36 (m, 1 H), 5.39 (m, 1 H), 6.98 (t, 1 H, 

J=7Hz), 7.04 (s. 1 H), 7.07 (t, 1 H, J=7Hz), 7.31 (d, 1 H, J=7Hz), 7.46 (d, 

1H,J=7Hz). MS(DCI^IH 3 )m/e497(M+H)+ 514(M+NH4) + . Anal calcd 

for C27H36N4O5 • 0.35 TFA: C, 62.19; H. 6.85; N, 1 0.49. Found: C, 
25 62.17; H, 6.99; N, 10.60. 
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Example 83 

9-m m-1 .rN-rCvdQheDtvlcarbonvlVLeucvl-aminQl-2-nndol-3-vhethvH-5- 

methyl-oxa2Qle-4-carboxvlic acid 
The title compound was prepared following the procedures 

5 described in Example 80, substituting cycloheptanecarboxylic acid for 
cyclohexylacetic acid. 1 H NMR (CD3OD, 300 MHz) 5 0.81 (t, 6H, 
J=6Hz), 1.23-1.80 (m, 15H), 2.32 (m, 1H), 2.53 (s, 3H), 3.37 (m, 2H), 
4.35 (m, 1H), 5.38 (dq, 1H, J=1Hz,7Hz), 6.97 (dt, 1H, J=1Hz,7Hz), 7.03 
(s, 1H), 7.07 (dt, 1H, J=1Hz,7Hz), 7.30 (dd, 1H, J=1Hz,8Hz). 7.44 (dd, 

10 1 H, J=1 Hz,8Hz), 8.20 (d. 1 H. J=8Hz). MS (DCI/NH3) m/e 523 (M+H)+, 
540 (M+NH 4 ) + . Anal cated for C29H38N4O5 ' 0.30 TFA: C, 63.85; H, 
6.93; N, 10.06. Found: C, 63.77; H, 7.08; N, 9.90. 

Example 84 

15 2-{riR\-1-fN-rNorborn-2-vlacetylVLeucvl-aminoT-2-findol-3-vhethvl>-5- 

mathvl-oxazote-4-carboxvlic acid 

The title compound was prepared following the procedures 
described in Example 80, substituting 2-norbomaneacetic acid for 
cyclohexylacetic acid and performing the saponification at 80 °C. 1 H 

20 NMR (CD3OD, 300 MHz) 5 0.81 (dd, 3H, J=2Hz,6Hz), 0.84 (dd, 3H, 

J=2Hz,6Hz), 1.0-1.2 (m, 4H), 1.3-1.5 (m, 7H), 1.81 (m, 1H), 1.92 (m, 1H), 
1.97 (ddd, 1H, J=3Hz,8Hz,14Hz), 2.12 (22, 1H. J=9Hz,14Hz), 2.15 m, 
1H), 2.53 (s, 3H). 3.3-3.5 (m, 2H). 4.37 m, 1H), 5.38 (dd, 1 H, J=7Hz,8Hz), 
6.97 (dt, 1H, J=1Hz,8Hz), 7.03 (s, 1H), 7.08 (dt, 1H, J=1Hz,8Hz), 7.31 (d, 

25 1 H, J=8Hz), 7.45 (dd, 1 H, J=1 Hz,8Hz). MS (FAB+NBA) m/e 535 (M+H)+, 
557 (M+Na)+ Anal calcd for C30H38N4O5 • 0.8 TFA: C, 60.64; H, 6.25; 
N, 8.95. Found: C, 60.26; H, 6.39; N, 8.98. 
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Example 85 

2-f M RM -fN-r4-MethoxvDhenvtacetvlVLeuevl.amino%9-finrinUa. 
vhethvn-5-methvl-oxa2Qle-4-carfaoyytift arafl 
The title compound was prepared following the procedures 
described in Example 80, substituting 4-methoxyphenylacetic acid for 
cyclohexylacetic acid and performing the saponification at 80 °C. 1 H 
NMR (CD3OD, 300 MH2) 6 0.76 (d, 3H. J=6Hz), 0.79 (d, 3H, J=6Hz), 1.3- 
1.4 (m, 3H), 2.50 (s, 3H), 3.2-3.4 (m, 2H), 3.41 (m, 2H), 3.73 (s. 3H). 4.37 
(m, 1H), 5.35 (dd, 1H, J=7Hz,8Hz), 6.79 (td, 2H, J=2Hz,9Hz), 6.97 (ddd, 
1H, J=1 Hz,7Hz,8Hz), 7.00 (s. 1H), 7.08 (ddd, 1H. J=1Hz,7Hz,8Hz), 7.12 
(td, 2H, J=2Hz,9Hz), 7.32 (d, 1H, J=8Hz), 7.44 (dd, 1H, J=1Hz,8Hz). MS 
(DCI/NH3) m/e 547 (M+H)+. 564 (M+NH 4 ) + . Anal calcd for C30H34N4O6 
• 0.7 TFA: C, 60.21 ; H, 5.58; N, 8.94. Found: C, 60.30; H, 5.47, N; 9.28. 

Example 86 

2-inR)-1-frN-Cbz-LeucvlVaminoV2.findQ |.3-vnethvll-5-methvl-QxayolB- 

4-carboxvlic acid 

The title compound was prepared following the procedures 
described in Example 75, substituting Cbz-Leu-OH for Boc-Leu-OH H 2 0 
in Example 75A. *H NMR (CD3OD, 300 MHz) 8 0.91 (t, 6H, J=7Hz), 
0.78-1.74 (m. 11H), 2.35 (s, 3H), 3.20 (s. 3H), 3.38 (m, 4H), 3.50 (m, 2H), 
4.27 (dd, 1H, J=5Hz,7Hz), 5-36 (dd, 1H, J=5Hz,7Hz), 6.96 (t, 1H. J=7Hz), 
7.07 (s, 1H), 7.09 (t, 1H, J=7Hz), 7.27 (d, 1H, J=7), 7.34 (d, 1H, J=7Hz). 
MS (FAB) m/e 537 (M+H)+, 599 (M+Na)+ Anal calcd for C29H40N6O4 • 
1 .25 TFA • 1 .75 H2O: C, 53.24; H, 6.35; N, 1 1 .82. Found: C, 52.83; H, 
5.95; N, 12.46. 
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Example 87 

Ftt-1 -fN-fHomopiDeridin-1 -vtearbonvn-Leucvt>aminoV2>n -methvt- 
indol-3-yltethYlH-trifluorom^ acid 

5 Example 87A 

BooD>(N^methvnTrvptODhanvl-NH g 

A solution of 0.955 g (3.0 mmol) of Boc-D-Trp(1-Me)-OH, 
prepared according to the method of Cook, et a/., Chem. Pharm. Bull. 12 
88 (1965), in 25 mL of THF was cooled to -20 °C. N-Methylmorpholine 

10 (0.33 mL, 1 .0 eq) was added, followed by 0.39 mL (1 .0 eq) of isobutyl 
chloroformate. The resultant slurry was stirred for 30 minutes, followed 
by the addition of a solution of 0.2 mL of concentrated ammonia in 3 mL 
of THF. The mixture was warmed slowly to 0 °C over 1 hour. The 
solvents were removed in vacuo, and the residue was taken up in ethyl 

15 acetate, washed sequentially with water, saturated sodium bicarbonate 
solution, 1 U H3PO4 and brine, dried, and concentrated in vacuo to 
afford 0.95 g (100% yield) of the title compound as a white foam. 

Example 873 

20 2-U1 RH -(Poc-Aminp)-2-(1 -m9thyMptfQ|-3-yi)ethyM'trif luoromethvl- 

pyazQie-frcarfroxYiic acid ethyl ester 

The compound resulting from Example 87A (92 mg, 0.3 mmol) 
was combined with 66 mg of ethyl 2-chloro trifluoroacetoacetate and 0.3 
mL of propylene oxide in 1 mL of THF; the solution was heated at 

25 1 10 °C for 6 hours. The solvents were removed in vacuo; and the 

crude product was purified by flash chromatography on silica gel eluting 
with 2:1 hexanes-ethyl acetate to give 102 mg of the hydrated 
condensation product. This material was dissolved in 2 mL of pyridine, 
cooled to 0 °C and 4 drops of trif luoracetic anhydride were added. The 

30 mixture was allow to warm to ambient temperature and stirred for 4 
hours. The solvents were removed in vacuo, and the product was 
purified by flash chromatography on silica gel eluting with 3:1 hexanes- 
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ethyl acetate to afford 57.5 mg (40%) of the title compound as a 
yellowish oil. 



5 2-1(1 R)-1-Amino-2-M-methvHndol-3-ylto^ 

5-carboxylic acid ethyl ester 
The compound resulting from Example 87B (50 mg) was 
dissolved in 3 mL of trif luoroacetic acid and stirred at ambient 
temperature for 45 minutes. The solvents were removed in vacuo, and 
10 the residue was taken up in saturated sodium bicarbonate solution and 
extracted with EtOAc. The combined organic extracts were washed with 
brine, dried over Na2S04 and stripped in vacuo to give a crude product 
which was used without further purification. 

15 Example 87P 

24M RM -f N-fHomopiperidin-1 -y lcarbonvn-Le ucyl-amino)-2-f1 -methyl- 
indol-3-vnethvl>-4-trifluoromethvl-oxa2ole-5-carboxvlic add 
The compound resulting from Example 87C (40 mg) was 
dissolved in THF (1 mL). HOBt (15 mg), the add prepared in Example 
20 57D (30 mg) and EDCI (21 mg) were added. N-Methylmorpholine (10 
jiL) was added and the mixture stirred at room temperature for 1 8 hours. 
The solvent was evaporated under reduced pressure and the residue 
taken up in EtOAc. The solution was washed with saturated NaHC03 
solution, 1 N H3PO4 and brine, dried with MgS04, and evaporated in 
25 vacuo to give an yellowish oil. 

To this compound dissolved in THF (2 mL) was added a solution 
of UOH (50 mg) in H2O (1 mL) and the mixture stirred at room 
temperature for 15 hours. The solvents were evaporated under reduced 
pressure and the residue purified by preparative HPLC (Vydac nC18) 
30 eluting with a 10-70% gradient of CH3CN in 0.1% TFA. The desired 
fractions were tyophilized to give the product as a white solid. 1 H NMR 
(CD3OD, 300 MHz) 5 0.84 (d, 3H, J=7Hz), 0.85 (d, 3H f J=7Hz), 1.40 (m, 
2H), 1 .52 (m, 5H), 1 .67 (m, 4H), 3.3-3.5 (m, 6H), 3.75 (s, 3H), 4.31 (dd f 
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1H, J=5Hz,10Hz), 5.43 (dd, 1H, J=7Hz,8H2), 7.00 (s, 1H), 7.01 (m, 1H), 
7.14 (dt, 1H. J=1Hz,8Hz), 7.30 (td, 1H, J=1Hz,8Hz), 7.43 (td, 1H, 
J=1Hz,8Hz). MS (FAB+NBA) m/e 592 (M+H) + , 614 (M+Na)+ 630 
(M+K)+ Anal calcd for C29H36F3N5O5 • 0.7 TFA: C, 54.38; H, 5.51 ; N, 
5 10.43. Found: C, 54.50; H, 5.54; N, 10.51. 

Example 88 

2-1/1 RM -fN-f Homopiperidin-1 -vfcarbonvlVLeucvl-aminol-2- n -methyl- 

indQl-3-yl)ethyl}-oxazoie-4-cart?pyy|ic acid 

10 The title compound was prepared following the procedures 

described in Example 87, substituting ethyl bromopyruvate for ethyl 2- 
chlorotrifluoroacetoacetate in Example 87B. 1 H NMR (CO3OO, 300 
MHz) 5 0.84 (d, 6H, J=7Hz). 1.40 (m, 2H), 1.52 (m, 5H), 1.68 (m, 4H), 
3.3-3.5 (m, 6H), 3.72 (d. 3H, J=4Hz), 4.34 (dd, 1 H, J=5Hz.10Hz), 5.46 

15 (ddd, 1 H, J=1 Hz,7Hz,8Hz), 6.96 (d. 1 H, J=4Hz), 7.01 (m, 1 H), 7.1 4 (m, 
1H), 7.28 (dd, 1H, J=5Hz,8Hz), 7.45 (m, 1H), 8.35 (s, 1H). MS 
(FAB+NBA) m/e 524 (M+H) + , 546 (M+Na) + , 546 (M+Cu) + . Anal calcd for 
C28H37N5O5 • 0.55 TFA: C, 59.61 ; H, 6.46; N, 1 1.94. Found: C, 59.57; 
H.6.49; N, 11.95. 

20 

Example 89 

2-H1 RM .fN-mQmopiDQridin-1 -vIcarbonvn-Leucvl-aminoyg-M -methyl- 

indol-3-yl)ethyI}-oxazole-5-carboxylic acid 
The title compound was prepared following the procedures 
25 described in Example 87, substituting ethyl bromopyruvate for ethyl 2- 
chlorotrifluoroacetoacetate in Example 87B and replacing trifluoroacetic 
anhydride with methanesulfonyl chloride/triethylamine as the 
dehydrating agent. 1 H NMR (CD3OD, 300 MHz) 5 0.84 (d, 3H, J=7Hz), 
0.91 (d, 3H, J=7Hz), 1.4 (m. 2H), 1.52 (m, 5H). 1 .67 (m, 4H), 3.2-3.5 (m, 
30 6H), 3.73 (s, 3H), 4.34 (m, 1 H), 5.46 (dd, 1 H, J=7Hz,8Hz), 6.97 (s, 1 H), 
7.03 (dt, 1 H, J=1 Hz,8Hz), 7.1 3 (m, 1 H), 7.28 (d, 1 H. J=8Hz), 7.53 (dd, 
1H,J=1Hz,8Hz),7.65(s, 1H). MS (FAB+NBA) m/e 524 (M+H)+. HRMS 
Calcd for C28H38N5O5: 524.2873. Found: 524.2858 . 
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Example 90 

2-{M RM-rN-tey^-Norbomvlam^^ 

methvMndQl-3-vnethvl}-5-methvl-Qxazole-4-carfaoxvlic acid 

5 

Example 90A 

Boc-D-(1 -methyl)-Trvptophanykf2-acetvlGlydneVben2yl ester 
N-(Diphenylmethylene)glycine benzyl ester (14.25 g) was 
dissolved in THF (175 mL) and the solution cooled to -78 °C. Lithium 

10 hexamethyldisilazide (43.25 mL, 1 U solution in THF) was added slowly 
over 15 minutes, and the resulting yellow slurry stirred at -78 °C for 45 
minutes. The slurry was then transferred via cannula to a solution of 
acetyl chloride (3.4 mL) in THF (125 mL) at -78 °C. Complete transfer of 
the anion took about 30 minutes. After the addition was complete, the 

15 reaction was stirred at -78 °C for 30 minutes then allowed to warm to 
room temperature and stirred an additional three hours. The reaction 
was then quenched with 2 H HCI (50 mL). The THF was evaporated, 
and the resulting aqueous solution was washed with EtOAc (2 x 50 mL). 
The organic phases were discarded and the aqueous phase was 

20 concentrated in vacuo. The resulting slurry was treated with EtOH (1 00 
mL) and the insolubles filtered off. The filtrate was evaporated to give 2- 
acetykjlycine benzyl ester hydrochloride as a yellow solid (10.48 g, 
99%) which was used without further purification. 

Boc-D-(1 -Methyl)-tryptophan (10.0 g) was dissolved in THF (75 

25 mL) and the solution cooled to -20 °C. N-Methylmorpholine (3.45 mL) 
was added followed by the dropwise addition of isobutylchloroformate 
(4.0 mL). The 2-acetylglycine ester from above was dissolved in DMF 
(60 mL) and added to the mixed anhydride at -20 °C. N- 
Methylmorpholine (3.5 mL) was then added via syringe pump over a 

30 one hour period. After the addition was complete, the reaction was 
allowed to stir at room temperature for one hour. Water (250 mL) was 
added and the mixture extracted with EtOAc (2 x 1 00 mL). The organic 
layer was washed with saturated NaHC03 solution, 1 N H3PO4 and 
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brine, dried with MgS04, and evaporated under reduced pressure to 
give a yellow oil which was purified by flash chromatography on silica 
gel elutJng with 40% EtOAc-hexane. The product was isolated as a 
yellow oil (7.50 g, 47% yield). 1 H NMR (CDCI3. 300 MHz) 5 1.43 (s, 9H), 
5 2.1 8 (s, 1 .5H), 2.24 (s, 1 .5H), 3.1 7 (m, 1 H), 3.20 (m, 1 H), 3.74 (s, 3H), 
4.50 (brs, 1H), 5.15 (m. 3H), 6.93 (d, 1H, J«7Hz), 7.11 (t, 1H, J=7Hz), 
7.22 (t, 1H, J=7Hz), 7.33 (m, 6H), 7.59 (t, 1H, J =7 Hz). MS (DCI/NH3) m/e 
508 (M+H)+, 525 (M+NH4) + . 

10 Example 90B 

2-f (1 RV1 -(Boc-aminol-2-f 1 -methvl-indol-3-vnethvll5-methvl-oxazole-4- 

carboxvlic acid benzvl ester 

The compound resulting from Example 90A (7.25 g) was 
dissolved in pyridine (25 mL), acetonitrile (25 mL), and carbon 

15 tetrachloride (3 mL). DBU (4.5 mL) and triphenylphosphine (4.20 g) 
were added and the mixture stirred at ambient temperature for 1 8 hours. 
The solvents were evaporated and the residue taken up in EtOAc (50 
mL), washed with saturated NaHCOs solution, 1 M H3PO4, and brine, 
dried over MgS(>4, and evaporated in vacuo. The resulting yellow oil 

20 was purified by flash chromatography on silica gel eluting with 30% 
EtOAc-hexane to give a pale yellow solid (4.35 g, 63%). 1 H NMR 
(CDCI3. 300 MHz) 5 1.40 (s, 9H), 2.48 (s, 3H), 3.36 (m, 2H), 3.61 (s. 3H), 
5.20 (m, 2H), 5.35 (s. 2H), 6.78 (br s, 1 H), 7.03 (t, 1 H, J=7Hz), 7.1 8 (t, 1 H, 
J=7Hz), 7.24 (d, 1H, J=7Hz), 7.40 (m, 6H). MS (DCI/NH3) m/e 490 

25 (M+H)+, 507 (M+NH4) + . 

Example 90C 

2-f (J RV1 -Amino-2-f 1 -methvl-8ndQl-3-vnethyl)-5-methvl-oxazole-4- 

carboxvlic acid benzvl ester 
30 The compound resulting from Example 90B (1 20 mg) was 

dissolved in 6 mL of trifluoroacetic acid and allowed to stir at ambient 
temperature for 1 hour. The solvents were removed in vacuo, the 
residue was neutralized with bicarbonate solution, and the mixture was 
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extracted with EtOAc. The combined organic extracts were washed with 
brine, dried over Na2SC>4, and concentrated under reduced pressure. 
The crude product was used without further purification. 

* « 

5 Example SOP 

N-^jfo2-NorbornylaminocarbonvlWLeiicyUQH 
Leucyl-OBn . pTsOH (1.97 g, 5.0 mmol) was suspended in 10 mL 
of THF V Et3N (0.8 mL) was added, and the resultant solution was cooled 
to 0 °C in an ice bath. Carbonyldiimidazole (0.85 mg) was added, the • 

10 bath was removed, and the solution was allowed to warm to room 
temperature over 2 hours. (±)-exo-2-Aminonorbomane (0.61 mL, 5.1 
mmol) was added and the solution stirred overnight at room 
temperature. The solution was washed with saturated NaHCQi 
solution, 1 H H3PO4 and brine, dried with MgS04, and evaporated 

15 under reduced pressure to give a white solid which was used without 
further purification. 

The ester was dissolved in EtOH (1 00 mL), 1 0% Pd/C (200 mg) 
was added and the mixture stirred under hydrogen for 5 hours. The 
solvent was removed in vacuo and the residue taken up in EtOAc and 

20 filtered through Celite® to remove the catalyst. The solvent was 

evaporated in vacuo Xo give the carboxylic acid as a white solid (1.29 g, 
96%). 

Example 90E 

25 2-f M ffl-1 -rN-^xo-2-Norbomvlaminocarbonvn>LeucvUaminn]^(l - 
methvl-indol-3-vl>ethvn-5-methvl-oxazole-4-carb oxvlic acid benzvl ester 
The crude compound resulting from Example 90C was dissolved 
in THF (2 mL). HOBt (42 mg), the acid resulting from Example 90D (80 
mg) and EDCI (57 mg) were added. N-Methylmorpholine (100 \±) was 

30 added and the mixture stirred at room temperature for 1 8 hours. The 
solvent was evaporated under reduced pressure and the residue taken 
up in EtOAc. The solution was washed with saturated NaHC03 solution, 
1 N H3PO4 and brine, dried with MgS04. and evaporated in vacuo to 
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give an orange oil which was purified by flash chromatography on silica 
gel eluting with 50% EtOAc-hexane. 

Example 9QF 

5 2-{M m-1 -rN- ^yo-2-NorbQmviamtnocarbonvlVLeucvUamino1-2-n - 

methyUmdQl-3 -ynfithyl}-5-methyl>oyazole-4-carboxvlic acid 
The product resulting from Example 90E was dissolved in 30 mL 
of EtOH, 50 mg of 10% palladium on carbon was added, and the mixture 
was purged with nitrogen. The nitrogen line was exchanged for a 

10 balloon of hydrogen, and the mixture was stirred at ambient temperature 
for 4 hours. The catalyst was removed by filtration through a pad of 
Celrte; the solvents were removed in vacuo. The crude material was 
triturated with ether/hexanes, dissolved in 0.1% aqueous 
TFA/acetonitrile, and lyophilized to give the title compound as a white 

15 powder (96 mg). 1 H NMR (CD3OD, 300 MHz) of one diastereomer 6 
0.81 (d, 3H, J=6Hz), 0.83 (d, 3H, J=6Hz), 1.1-1.5 (m, 10H), 1.70 (m, 1H) f 
2.08 (m, 1H). 2.22 (m, 1H) t 2.53 (s, 3H) f 3.3-3.5 (m, 3H), 3.72 <s, 3H), 
4.19 (t, 1H. J=7Hz), 5.37 (ddd, 1H, J=2,6,8Hz), 6.99 (s, 1 H), 7.00 (dt f 1 H, 
J*1 ,7Hz), 7.1 2 (dt, 1 H, J=1 ,7Hz), 7.20 (d, 1 H, J=8Hz), 7.44 (dd, 1 H, 

20 J«1 ,8Hz). MS (FAB/NBA) m/e 550 (M+H)+, 572 (M+Na)+. Anal calcd for 
C30H39N5O5 • 0.3 TFA: C, 62.95; H, 6.78; N, 1 1 .99. Found: C, 62.70; H, 
6.86; N, 11.98. 

Example 91 

25 2-{(1R)-1-[N-(endt>2-Norbomylaminocarbonyl)-Leucyl-amino]-2-(1- 

methyMndol-3-ynethyl}-5-methyl-oxazole-4-carboxylic acid 
The title compound was prepared following the procedures 
described in Example 90, substituting (±)-endo-2-aminonorbornane for 
(±)-exo-2-aminonorbornane in Example 90D. The crude material was 
30 purified by trituration with ether; the resultant material was dissolved in 
0.1% aqueous TFA in acetonitrile and lyophilized to give the title 
compound as a white powder (109 mg). 1 H NMR (CD3OD, 300 MHz) of 
one diastereomer 6 0.81 (d, 3H, J=6Hz), 0.84 (d, 3H. J=6Hz), 1.1-1.6 
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(m, 10H), 1.99 (m, 1H), 2.15 (m, 1H), 2.32 (m, 1H), 2.54 (s, 3H), 3.35 (m, 
2H). 3.73 (s, 3H), 3.86 (m, 1H), 4.20 (dt, 1H, J=1Hz,7Hz), 5.36 (dd, 1H, 
J=6Hz,8Hz), 6.97 (s, 1H), 7.00 (dt, 1H, J=1Hz,7Hz), 7.12 (t, 1 H. J=7Hz), 
7.28 (d, 1 H, J=8Hz), 7.44 (d, 1H, Jo8Hz). MS (^AB/NBA) m/e 550 
5 (M+H)+, 572 (M+Na)+. Anal calcd for C30H39N5O5 • 0.5 TFA: C, 61 .37; 
H, 6.56; N. 1 1 .54. Found: C, 61 .1 1 ; H, 6.78; N, 1 1 .92. 

Example 92 

2-fnRV1-rN-(N-Cvclohexvlaminocarbonvn-Leucvl-aminol-2-M-methyl- 
10 indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic add 

The title compound was prepared following the procedures 
described in Example 90, substituting cyclohexylamine for (±)-axo-2- 
. aminonorbomane in Example 90D. The crude product was triturated 
with diethyl ether/hexanes, dissolved in acetonitrile and 0.1% aqueous 
15 TFA, and tyophilized to give the product as a white powder. 1 H NMR 
(CDCI3. 300 MHz) 80.70 (d, 3H, J=7Hz), 0.74 (d, 3H, J=7Hz), 1.1-1.9 
(m, 13H), 2.50 (s, 3H), 3.40 (m, 1H), 3.76 (s, 3H). 3.90 (m, 1 H), 4.35 (dd, 
1H, J=6,7), 5.35(m, 1H), 6.91 (s, 1H), 7.02 (t. 1H, J=8Hz), 7.13 (t, 1H, 
J=8Hz), 7.32 (d, 1H, J=8Hz), 7.48 (d, 1H, J=8Hz). MS (FAB/NBA) m/e 
20 538 (M+H)+, 560 (M+Na)+, 576 (M+K)+. Anal calcd for C29H39N5O5 • 
0.6 TFA: C, 59.85 H, 6.59; N, 1 1 .56. Found: C, 59.82; H, 6.61 ; N, 11 .66. 

Example 93 

2-f 1 1 m-1 -fN-(N-Methyl-N-cyclohexvlaminocarbonvl>-Leucvl-amino]-2- 
25 (1-methyl-indol-3-yhethyl)-5-methvl-oxazole-4-carboxvlic acid 

The title compound was prepared following the procedures 
described in Example 90, substituting N-methylcyclohexylamine for (±)- 
exo-2-aminonorbomane in Example 90D. The crude product was 
triturated with diethyl ether/hexanes, dissolved in acetonitrile and water, 
30 and lyophilized to give the product as a white powder. 1 H NMR 

(CD3OD, 300 MHz) 8 0.71 (d, 3H, J=7Hz), 0.73 (d, 3H, J=7Hz), 1.1-1.8 
(m, 13H), 2.54 (s, 3H), 2.71 (s, 3H), 3.45 (m, 1H), 3.72 (s, 3H), 3.90 (m, 
1H), 4.32 (dd, 1H, J=6,7), 5.38 (m, 1H), 6.92 (s, 1H), 7.0 (t, 1H, J=8Hz), 
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7.13 (t, 1H, J=8Hz), 7.30 (d. 1H f J=8Hz), 7.52 (d, 1H, J=8Hz). MS 
(FAB/NBA) m/e 552 (M+H)+. Anal calcd for C30H41N5O5 • 1 .0 H2O: C, 
63.25; H, 7.61 ; N, 12.29. Found: C. 63.19; H, 7.45; N, 12.33. 

Example 94 

2-friR)-1-fN-rN-Ethvl-N-cvdohexvlamlnQcarbonvn-LflijRyl -aminol-2-(1- 
methvMndol-3-vnethvn-5-methvl-oxa2ole-4-carboxylic acid 
Hie title compound was prepared following the procedures 
described in Example 90, substituting N-ethylcyclohexylamine for (±)- 
exo-2-aminonorbornane in Example 90D. The residue was triturated 
with 1 :1 hexanes/ether; the resultant material was dissolved in 0.1% 
aqueous TFA in acetonitrile and lyophilized to give the title compound 
as a white powder (30 mg). 1H NMR (CD3OD, 300 MHz) 8 0.83 (d. 3H, 
J=6Hz), 0.84 (d, 3H, J=6Hz), 1.07 (t, 3H, J=7Hz), 1.3-1.8 (m, 13H), 2.52 
(S. 3H), 3.08 (q, 2H, J=7Hz), 3.3-3.4 (m, 2H), 3.72 (s, 3H), 3.87 (m, 1H), 
4.36 (dd, 1H. J=6,10Hz), 5.38 (dd, 1H, J=7,8Hz), 6.94 (s, 1H), 7.00 (dt. 
1H, J=1,7Hz), 7.12 (dt. 1H, J=1,7Hz), 7.29 (d, 1H, J=8Hz), 7.42 (d, 1H. 
J=8Hz). MS (DCI/NH3) m/e 566 (M+H) + . Anal calcd for H43N5O5 • 
0.5 TFA: C, 61 .72; H, 7.04; N, 1 1 .25. Found: C. 61 .89; H, 7.1 3; N, 1 1 .26. 

Example 95 

2-1(1 RH -fN-( N-ProDvl-N-cvclohexvlaminocarbonvh-Le ucvl-aminoy2-M - 
methvMndol-3-vl>ethvlt-5-mQthvl-oxa2ole -4-carboxvlicaftid 
The title compound was prepared following the procedures 
described in Example 90, substituting N-propylcyclohexylamine for (±)- 
exo-2-aminonorbornane in Example 90D. The crude final product was 
purified by preparative HPLC (Vydac uC18) eluting with a 20-90% 
gradient of CH3CN in 0.1% TFA. The desired fractions were lyophilized 
to give the title compound as a white solid (66 mg). 1 H NMR (CD3OD, 
300 MHz) 6 0.83 (d, 3H, J=6Hz), 0.84 (d, 3H. J=6Hz), 0.86 (t, 3H, 
J=7Hz), 1.3-1.8 (m. 15H), 2.52 (s. 3H). 3.04 (m, 2H), 3.3-3.4 (m, 2H), 
3.73 (s, 3H), 4.35 (dd. 1 H, J=5Hz,9Hz), 5.38 (dd, 1 H, J=7Hz,8Hz), 6.94 
(s. 1H). 7.00 (dt, 1H. J=1Hz,7Hz), 7.13 (dt, 1H, J=lHz.7Hz). 7.29 (d, 1H. 
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J=8Hz), 7.43 (d, 1H, J=8Hz). MS (DCI/NH 3 ) m/e 580 (M+H)+. Anal 
calcd for C32H45N5O5 • 1.0 TFA: C, 58.87; H, 6.68; N, 10.09. Found: C, 
58.85; H, 6.75; N, 10.20. 

Example 96 

2-(M RM -rN-rfmns^Hvdroxvcvclohexvlaminocarfan nvn-Leucvl-amlnoy 
2-f 1 -methvl-ihdol-3-vnfithvl)-5-methvl -oxa2olft-4-fiarboxvlic add 
The title compound was prepared following the procedures 
described in Example 90, substituting frans-4-hydroxycyclohexylamine 
for (±)-exo-2-aminonorbornane in Example 90D. The crude final 
product was purified by trituration with 15:1 EtOAc-MeOH; the resultant 
material was dissolved in 0.1% aqueous TFA in acetonitrile and 
lyophilized to give the title compound as a white powder (131 mg). 1H 
NMR (CD3OD, 300 MHz) 6 0.81 (d, 3H, J=6Hz), 0.83 (d, 3H, J=6Hz), 
1.1-1.5 (m, 7H), 1.8-2.0 (m, 4H), 2.53 (s, 3H), 3.3-3.6 (m, 3H), 3.56 (dd, 
1H, J=7Hz,15Hz), 3.73 (s, 3H), 4.18 (t, 1H, J=7Hz), 5.36 (dd. 1H, 
J=6Hz,8Hz), 6.97 (s, 1H), 7.01 (ddd, 1H. J=1 Hz,7Hz,8Hz), 7.13 (dt, 1H, 
J=1Hz,7Hz), 7.29 (d, 1H, J=8Hz), 7.45 (d, 1H, J=8Hz). MS (FAB/MeOH) 
m/e 554 (M+H)+, 576 (M+Na)+. Anal calcd for C29H39N5O5 • 1.2 TFA • 2 
H2O: C, 51.91 ; H, 6.13; N. 9.64. Found: C, 51 .48; H, 5.90; N, 9.92. 

Example 97 

2-f(1R^1-fN-f2-Methvlcvclohexvlamino carbonvn-Leiicvl-amino1-2-M- 
methvl-indol-3-vnethvl1-5-methvl-o xazole-4-carboxvlic acid 
The title compound was prepared following the procedures 
described in Example 90, substituting 2-methylcyclohexylamine for (±)- 
exo-2-aminonorbomane in Example 90D. The crude product was 
purified by preparative HPLC (Vydac uC18) eluting with a 10-70% 
gradient of CH3CN in 0.1% TFA. The appropriate fraction was 
lyophilized to give the product as a white solid. 1 H NMR (CD3OD, 300 
MHz) consistent with structure of the four isomers 5 2.52 (s, 3H), 3.74 (s, 
3H), 6.97 (s, 1H), 7.0 (t, 1H, J=8Hz), 7.13 (t, 1H, J=8Hz), 7.30 (d, 1H, 
J=8Hz), 7.45 (dd, J=2,8Hz). MS (DCI/NH3) m/e 552 (M+H)+ 569 
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(M+NH 4 )+. Anal calcd for C30H41N5O5 • 1.0 H 2 0 • 0.35 TFA: C, 60.55; 
H, 7.1 5; N, 1 1 .33. Found: C, 60.49; H, 7.17; N, 1 1 .49. 

Example gfi 

5 2-(nRV1-rN-f3-MethvlcvdohexvlaminQearbonvn-Leucyl-aminoyg.M. 

mathvl-»ndQl-3-vnethyl}.S.mftthvl.nxfl7ntft.4-ftarhnwlift arirf 

The title compound was prepared following the procedures 
described in Example 90, substituting 3-methyteyclohexylamine for (±)- 
exo-2-aminonorbomane in Example 90D. The crude product was 

10 purified by preparative HPLC (Vydac |iC18) eluting with a 10-70% 
gradient of CH3CN in 0.1% TFA. The appropriate fraction was 
lyophilized to give the product as a white solid. 1 H NMR (CD3OD, 300 
MHz) consistent with structure of the four isomers 6 2.52 (s, 3H), 3.74 (s, 
3H), 6.97 (s, 1H), 7.0 (t, 1H, J=8Hz), 7.13 (t, 1H, J=8Hz), 7.30 (d, 1H, 

15 J=8Hz). 7.45 (dd, J=2,8Hz). MS (DCI/NH3) m/e 552 (M+H)+, 569 

(M+NH4)+. Anal calcd for C30H41N5O5 • 1.1 H2O • 0.65 TFA: C, 58.39; 
H, 6.83; N, 10.88. Found: C, 58.43; H, 6.82; N. 10.87. 

Example 99 

20 2-fnRV1-rN-{4-MethvlcvclQhexvlaminQR arfaonvh-Leucvl-aminoT-2-M. 

methvl-indol-3-vl>ethvH-5.methvl-oxagole.4-carbQxvlic acirt 
The title compound was prepared following the procedures 
described in Example 90, substituting 4-methylcydohexylamine for (±)- 
exo-2-aminonorbomane in Example 90D. The crude product was 

25 triturated with diethyl ether/hexanes, dissolved in acetonitrile and 0.1% 
aqueous TFA, and lyophilized to give the product as a white powder. 1 H 
NMR (CDCI3/CD3OD, 300 MHz) consistent with structure of the four 
isomers 8 2.52 (s, 3H), 3.73 (s, 3H), 6.95 (s, 1 H), 7.02 (dt. 1 H, J=1 ,8Hz), 
7.16 (dt, 1H, J=1 ,8Hz), 7.27 (d, 1H, J=8Hz), 7.41 (d, J=8Hz). MS 

30 (DCI/NH3) m/e 552 (M+H)+. 569 (M+NH 4 )+. Anal calcd for C3oH 41 N5O5 
■ 0.3 H 2 0 • 0.75 TFA: C, 58.88; H, 6.64; N, 10.90. Found: C, 58.80; H, 
6.45; N, 11.05. 
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Example 1 00 

2-((1 R)-1 -rN-rCvclQpentvlaminocarbonvlWLeucvl-amin oi-2.M .mftthyl- 
indol-3-vnethvl)-5-methvl-oxazole-4-carfanyvtin arid 
The title compound was prepared following the procedures 
described in Example 90, substituting cyclopentylamine for (±)-exo-2- 
aminonorbomane in Example 90D. The crude product was triturated 
with diethyl ether/hexanes, dissolved in acetonitrile and 0.1% aqueous 
TFA, and lyophilized to give the product as a white powder. 1 H NMR 
(CDCI 3 , 300 MHz) 6 0.70 (d, 3H, J=7Hz), 0.74 (d, 3H, J=7Hz), 1.1-1.8 
(m, 1 1 H), 2.52 (s, 3H), 3.44 (m, 1 H), 3.75 (s, 3H), 3.89 (m, 1 H), 4.42 (dd, 
1 H, J=6Hz,7Hz), 5.35 (m, 1 H), 6.96 (s, 1H), 7.03 (t, 1 H. J=8Hz), 7.1 2 (t, 
1 H, J=8Hz), 7.30 (d, 1 H, J«8Hz), 7.45 (d, 1 H, J=8Hz). MS (FAB/NBA) 
m/e 524 (M+H)+, 546 (M+Na)+, 562 (M+K)+. Anal calcd for 
C28H37N5O5 • 1 .0 H 2 0 • 0.5 TFA: C, 58.1 8; H, 6.65; N, 1 1 .70. Found: C, 
58.31; H, 6.61; N, 11.70. 

Example 101 

2-f(1 R)-1-rN-fCvcloheptvlaminocarhnnvl^Leuevl.a mino1-2-M -methyl. 
indol-3-vnethvn-5-methvl-ny a2ole-4-carboxvlic arid 
The title compound was prepared following the procedures 
described in Example 90, substituting cycloheptylamine for (±)-exo-2- 
aminonorbornane in Example 90D. The crude product was triturated 
with diethyl ether/hexanes, dissolved in acetonitrile and 0.1% aqueous 
TFA, and lyophilized to give the product as a white powder. 1H NMR 
(CDCI3, 300 MHz) 5 0.73 (d, 3H, J=7Hz), 0.77 (d, 3H, J=7Hz), 1 .3-1.8 
(m, 15H), 2.50 (s, 3H), 3.45(m, 1H), 3.75 (s, 3H), 3.92 (m, 1H), 4.45 (dd, 
1 H, J=6,7), 5.35 (m, 1 H), 6.95 (s, 1 H), 7.02 (t, 1 H, J=8Hz), 7.1 2 (t, 1 H, 
J=8Hz), 7.30 (d, 1 H, J=8Hz), 7.45 (d, 1 H, J=8Hz). MS (FAB/NBA) m/e 
552 (M+H)+, 574 (M+Na)+, 590 (M+K)+. Anal calcd for C30H41N5O5 • 
1.0 H 2 0 • 0.3 TFA: C, 60.86; H, 7.23; N. 1 1.60. Found: C, 60.86; H, 7.20; 
N, 11.62. 



11/28/06, EAST Version: 2.1.0.14 



WO 95/08550 



PCT/US94/10049 



-132- 

ExamplQ 102 

2-(rim-1-fN-f1-PiDeridinvlf^rfaonvlVLfl ucvl-amino}-P-M-methvl.inrinl.3- 

YnethvH-5-methvl-oxazo»e-4-carfaoxvlicaari 
The title compound was prepared following the procedures 
described in Example 90, substituting piperidine for (±)-exo-2- 
aminonorbomane in Example 90D. iH NMR (CO3OD, 300 MHz) 5 0.89 
(d, 3H. J=7Hz), 0.90 (d. 3H, J=7Hz), 1 .4-1 .7 (m, 3H), 2.50 (s, 3H), 3.3-3.4 
(m, 2H), 3.53 (s, 3H), 4.52 (dd, 1H, J=6Hz,10Hz), 5.43 (dd, 1H, 
J=7Hz,8Hz), 6.62 (d, 1H, J=4Hz), 6.89-6.96 (m, 2H), 7.06 (dt, 1H. 
J=1 Hz,8Hz), 7.1 4-7.30 (m, 3H), 7.36 (d, 1 H, J=7Hz). 7.57 (dd, 1 H, 
J=1Hz,7Hz), 7.65 (d, 1H, J=4Hz), 8.16 (dd, 1H, J=1Hz,7Hz). MS 
(DCI/NH3) m/e 556 (M+H)+, 573 (M+NH 4 )+. Anal calc for C31H33N5O5 • 
0.9 TFA: C, 59.85; H, 5.19; N, 10.64. Found: C, 60.15; H, 5.46; N, 10.49. 

Example 103 

2-tt 1 RM -rN.r4.MnrphftllnvlearbQnvn.Leucvl-amin o1.2-f1 -methvl-lnrtnl. 

3-vnethvri-5-methvl-oxa7Ql e-4-carboxvlip.flrirt 
The title compound was prepared following the procedures 
described in Example 90, substituting morpholine for (±)-exo-2- 
aminonorbomane in Example 90D. 1 H NMR (CD3OD, 300 MHz) 8 0.83 
(d. 3H, J=6Hz), 0.84 (d, 3H, J=6Hz), 1.2-1.6 (m, 3H), 2.55 (s, 3H), 3.2-3.4 
(m, 6H), 3.58 (t, 4H, J=6Hz), 3.73 (s, 3H), 4.30 (dd, 1H, J=6Hz,9Hz), 5.39 
(dd, 1 H, J=7Hz,8Hz), 6.95 (s. 1H), 7.00 (dt, 1H, J=1Hz,8Hz), 7.14 (dt, 1H, 
J=1 Hz,8Hz), 7.35 (d, 1 H, J=8Hz), 7.44 (d, 1 H, J=8Hz). MS (DCI^IH 3 ) 
m/e 526 (M+H)+ 543 (M+NH 4 ) + . Anal calcd for C27H35N5O6 • 1.0 TFA: 
C, 54.46; H, 5.67; N, 10.95. Found: C, 54.41 ; H, 5.75; N, 10.74. 
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Example 104 

2-f Q Rl-1 -fN-M -CarfaomethoxvcvdohQxvtaminocarfa QnvlVLeucvl-annino]- 
2-1 1 -methvl-indol-3-vnethvn-5-methvi-Qxa2ole-4-carbowlift arid 
The title compound was prepared following the procedures 
described in Example 90, substituting 1-carbomethoxycyclohexylamine 
for (±}-exo-2-aminonorbornane in Example 90D. 1 H NMR (CD3OD, 300 
MHz) 80.81 (d, 3H, J=7Hz), 0.82 (d, 3H, J=7Hz), 1.24-1.34 (m, 3H), 
1.40-1.65 (m, 6H), 1.67-1.81 (m, 2H), 1.89-1.99 (m, 2H), 2,53 (s, 3H), 
3.2-3.45 (m, 2H), 3.60 (s, 3H), 3.74 (s, 3H), 4.15 (dd, 1 H, J=6Hz,8Hz), 
5.35 (dd, 1H, J=6Hz,8Hz), 6.97-7.04 (m, 2H), 7.13 (dt, 1H, J»1Hz,8Hz), 
7.3 (d, 1H, J=8Hz), 7.45 (d, 1H, J=8Hz). MS (DCI/NH3) m/e 595 (M+H)+. 
Anal calcd for C31H41N5O5 • 0.7 TFA: C. 57.61 ; H, 6.22; N, 10.37. 
Found: C, 57.73; H, 6.48; N, 1 0.28. 

Example 105 

2-fd R)-1-[N-f1 .2.3.4-Tetrahvdronaphth-1-vlaminoca rbonvn-Leucyl- 
aminol-2-M -methvl-indol-3-vi^ethvl>-5-methvl-oxa2ole-4-carbQxvlie arid 

The title compound was prepared following the procedures 
described in Example 90, substituting 1 -amino-1 ,2,3,4- 
tetrahydronaphthylene tor (±)-exo-2-aminonorbornane in Example 90D. 
1H NMR (CD3OD, 300 MHz) of major isomer 8 0.83 (d, 6H, J=6Hz), 1.2- 

I. 6 (m, 3H), 1 .6-2.0 (m, 4H). 2.53 (s, 3H), 2.7-2.8 (m, 2H), 3.2-3.4 (m, 
3H), 3.74 (s, 3H), 4.27 (m, 1H,), 5.40 (m, 1H), 6.9-7.2 (m, 7H), 7.26 (d, 
1 H, J=8Hz). 7.45 (m, 1 H). MS (DCI/NH3) m/e 586 (M+H)+, 603 
(M+NH4) + . Anal calcd for C33H39N 5 05 • 0.4 TFA: C. 64.31 ; H, 6.29; N, 

II. 09. Found: C, 64.24; H. 6.62; N, 10.70. 
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Bamolfl 106 

2-K1 RM-rN-n-AdamarrtvlaminocarbonvlVLeucvl-am inol-2-M -mftthyl- 
indoi-3-vltethvll-5-methvl-oxazole-4-carboxvlift arid 
The title compound was prepared following the procedures 
described in Example 90, substituting 1-adamantylamine for (±)-exo-2- 
aminonorbornane in Example 90D. 1 H NMR (CD3OD, 300 MHz) 8 0.82 
(d, 3H, J= 6H2), 0.83 (d, 3H, J=6Hz), 1.2-1.55 (m, 3H), 1.69 (m, 6H), 1.91 
(d, 6H, J=3Hz). 1.92-2.07 (m, 3H), 2.53 (s, 3H). 3.2-3.4 (m, 2H), 3.74 (s, 
3H), 4.13 (dd, 1H, J=6Hz,9Hz), 5.36 (dd, 1H, J=6Hz,8Hz), 6.98 (s, 1H), 
7.01 (dt, 1H, J=1Hz,8Hz). 7.13 (dt, 1H, J=1Hz.8Hz), 7.23 (d, 1H, J=8Hz), 
7.43 (d, 1H, J=8Hz). MS (DCI/NH3) m/e 590 (M+H)+, 607 (M+NH 4 )+. 
Anal calcd for C33H43N5O5 • 0.7 TFA: C, 61 .71 ; H, 6.58; N, 10.46. 
Found: C, 61 .52; H, 6.59; N, 1 0.75. 

Example 107 

2-M1 R>-1-rN-f2-AdamantvtaminQcarbonvn-Leucy t-amino1.2-M -mftthvl- 
indol-3-vnethvD-5-methvl-oxa2Qle-4-carh oxvlic acid 
The title compound was prepared following the procedures 
described in Example 90, substituting 2-adamantylamine for (±)-exo-2- 
aminonorbornane in Example 90D. *H NMR (CD3OD, 300 MHz) 8 0.83 
(d, 3H, J= 6Hz), 0.84 (d, 3H, J=6Hz). 1.3 (m 2H), 1.45 (m, 1H), 1.5-1.65 
(m, 3H), 1.7-1.8 (m, 1 1H), 2.53 (s, 3H), 3.25-3.4 (m, 2H), 3.73 (s, 3H) 
3.76 (br s, 1H), 4.20 (dd, 1H, J=6Hz,8Hz), 5.38 (dd, 1H, J=6Hz,8Hz), 
6.97 (s, 1 H), 7.01 (dt, 1 H, J=1 Hz,8Hz), 7.1 4 (dt, 1 H, J=1 Hz,8Hz), 7.28 (d, 
1H, J=8Hz). 7.45 (d, 1H, J=8Hz). MS (DCI/NH3) m/e 590 (M+H)+ 607 
(M+NH4)+. Anal calcd for C33H43N5O5 • 0.8 TFA: C, 61.03, H. 6.48; N, 
10.28. Found: C, 61.23; H, 6.74; N, 10.39. 



11/28/06, EAST Version: 2.1.0.14 



WO 95/08550 



PCT/US94/10049 



-135- 

Examole 108 

2-f(1 R)-1 -fN-(1 -oxa-4-azasoiror5.41decana-4 ^arbonyn-LBiicvl-aminQ]- 
2-M -methvl-indol-3-vhethvlT-5-methvl.ox a 7nlfl-4^arbowlift ariri • 
The title compound was prepared following the procedures 
5 described in Example 90, substituting 1-oxa-4-azaspiro[5.4]decane, 
prepared according to the procedure of Bergmann, et al., J. Amer. 
Chem. Soc. Z5 358 (1 953), for (±)-exo-2-aminonorbornane in Example 
90D. 1H NMR (CD3OD, 300 MHz) 8 0.84 (m, 6H), 1.1-1.7 (m, 1 1H), 2.2- 
2.4 (m,2H), 2.54 (s, 3H), 3.34-3.63 (m, 4H), 3.74 (s, 3H), 3.95 (t, 2H, 
10 J=6Hz), 4.28 (m, 1 H), 5.37 (t, 1 H, J=7Hz), 6.98 (br s, 1 H), 7.01 (dt, 1 H, 
J=1Hz,8Hz), 7.14 (dt, 1H, J=1Hz,8Hz), 7.30 (dd, 1H, J=1Hz,8Hz), 7.44 
(d, 1H, J=8Hz). MS (DCI/NH3) m/e 580 (M+H)+. Anal calcd for 
C31H41N5O6 • 0.9 TFA: C, 57.74; H, 6.19; N, 10.26. Found: C, 57.48; H, 
6.63; N, 10.72. 

15 

Example 109 

2-1(1 RH -fN-f 1 -lndolinvlcarbonvn-Leucvl-aminol-P . t 1 -methvl-indnl-a- 

vnethvB-5-methvl-oxa?Qte.4-carboxvfift ariri 
The title compound was prepared following the procedures 

20 described in Example 90, substituting indoline for (±)-exo-2- 

aminonorbornane in Example 90D. The crude material was purified by 
trituration with hexanes/ether; the resultant material was dissolved in 
0.1% aqueous TFA/acetonitrile and lyophilized to give the title 
compound as a white powder (66 mg). 1H NMR (CD3OD, 300 MHz) 8 

25 0.88 (d, 6H, J=7Hz), 1 .50 (m, 3H), 2.53 (s, 3H), 3.13 (m. 2H), 3.37 (d, 
2H, J=6Hz), 3.57 (s, 3H), 3.68 (dt, 1H, J=8Hz,10Hz), 3.82 (dd, 1H, 
J=8Hz, 10Hz). 4.43 (dd, 1H, J=6Hz,8Hz), 5.43 (t, 1H, J=6Hz), 6.87 (ddd. 
1H, J=1Hz,7Hz,8Hz), 6.89 (s, 1H), 6.92 (dt, 1 H, J=1Hz,7Hz), 7.03 (dt, 1H. 
J=1Hz,7Hz), 7.12 (dt, 1H, J=1Hz,7Hz), 7.17 (d, 1H, J=8Hz), 7.23 (d, 1H, 

30 J=8Hz), 7.35 (d, 1 H, J=8Hz), 7.83 (d, 1 H, J=8Hz). MS (DCI/NH3) m/e 
558 (M+H)+, 575 (M+Na)+ Anal calcd for C31H35N5O5 • 1.0 TFA: C, 
59.01 ; H, 5.40; N, 10.43. Found: C, 59.03; H, 5.72; N, 10.51. 
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Example 110 

2-K1 Rl-1 -fN-(Decahvdroouinolin.1 -vlearbonvh.Leur y|.amino].g.ri ■ 
methvMndol-3-vnethvn>5-methvl-oxa2Ql»4.carfaoxvfift aniri 

The title compound was prepared following the procedures 
5 described in Example 90, substituting decahydroquinoline for (±)-exo-2- 
aminonorbornane in Example 90D. 1 H NMR (CD3OD, 300 MHz) of 
major isomer 8 0.85 (d, 6H. J=7Hz), 1.2-1.9 (m, 15 H), 2.55 (s, 3H), 2.80 
(m, 1H), 3.3-3.45 (m, 4H), 3.75 (s, 3H), 3.97 (m, 1H), 4.29 (dd, 1H, 
J=4Hz,8Hz), (m, 1H), 5.40 (dd, 1 H, J= 6Hz,9Hz), 6.96 (s. 1H), 7.01 (dt, 
10 1 H, J=1 Hz,8Hz), 7.1 4 (t. 1 H, J=7Hz), 7.30 (d, 1 H. J=9Hz), 7.42 (dt, 1 H, 
J=1Hz,8Hz). MS (DCI/NH3) m/e 578 (M+H) + . Anal calcd for 
C32H43N5O5 • 0.7 TFA: C, 61 .01 ; H, 6.70; N, 1 0.65. Found: C, 61 .00; H, 
7.01 ;N, 10.68. 

15 Example 1 1 1 

2-((1RV1-rN-M.?^4-Tetrahvrir ( OTiii^^^^ 

( 1 •methvl-indol-3-v»^thvn-5.mBthvl.oxa7Qlft-4 ^arboxvlift ariri 
The title compound was prepared following the procedures 
described in Example 90, substituting 1 ,2,3,4-tetrahydroquinoline for 

20 (±)-exo-2-aminonorbornane in Example 90D. 1 H NMR (CD3OD, 300 
MHz) 80.82 (d, 3H, J=7Hz), 0.84 (d, 3H, J=7Hz), 1.27-1.38 (m, 3H), 
1 .77-1 .89 (m, 2H), 2.55 (s, 3H), 2.67 (t, 1 H, J=7Hz), 3.26-3.43 (m, 2H), 
3.61 (t, 2H, J=8Hz), 3.71 (s, 3H), 4.36 (dd, 1H, J=6Hz,9Hz), 5.39 (dd, 1 H, 
J=6Hz,7Hz), 6.95 (s, 1H), 6.98-7.22 (m, 6H). 7.28 (d, 1H, J=8Hz), 7.43 

25 (d, 1 H, J=8Hz). MS (FAB/NBA) 572 (M+H)+, 594 (M+Na)+. Anal calcd 
for C32H37N5O5 • 0.9 TFA: C. 60.21 ; H, 5.67; N, 10.39. Found: C, 60.29; 
H, 6.04; N, 10.48. 
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Example 112 

2-fnm-1-fN-/N-CvclohQxvlaminncarbonvn-tfiii cvl-aminQl.2.n-ftthvl. 
indok3-vnethvn-5-methvl^yazQlft-4-f! arboxylie arid 
The title compound was prepared following the procedures 
5 described in Example 90, substituting Boc-D-(1-ethyl)tryptophan, 

prepared according to the method of Cook, et al., Chem. Pharm. Bull. IS 
88 (1965), but substituting ethyl iodide for methyl iodide, for Boc-D-(1- 
methyl)-tryptophan in Example 90A. The crude product was triturated 
with diethyl ether/hexanes, dissolved in acetonitrile and water, and 
10 lyophilized to give the product as a white powder. 1 H NMR 

(CD3OD/CDCI3, 300 MHz) 8 0.82 (d, 3H, J=7Hz), 0.84 (d, 3H, J=7Hz), 
1.1-1.9 (m, 13H), 1.40 (t, 3H, J=7Hz), 2.55 (s, 3H), 3.45(m, 1H), 4.14 (q, 
2H, J=7Hz), 4.18 (m, 1 H), 5.20 (t, 1H, J=7), 6.95 (s, 1 H), 7.02 (dt, 1H, 
J=1Hz,8Hz), 7.15 (dt. 1H, J=1Hz,8Hz), 7.30 (d. 1H, J=8Hz), 7.42 (d, 1H, 
15 J=8Hz). MS (DCI/NH3) m/e 552 (M+H)+ 569 (M+NH 4 )+. Anal calcd for 
C30H41 N5O5 • 1 .75 H 2 0: C. 61 .78; H, 7.69; N, 12.01 . Found: C, 61 .58; 
H, 7.54; N, 11.79. 

Example 113 

20 2-{ (1 RV1 -f N-f N-Cvclohexvlaminocarbonvh-Leucvl-a minol-2-h -propyl- 

indol-3-vnethvft-5- methvl-Qxa7o»e-4-carhnxYlin ayri 

The title compound was prepared following the procedures 
described in Example 90, substituting Boc-D-(1 -propyl)tryptophan, 
prepared according to the method of Cook, et al., Chem. Pharm. Bull., 

25 13: 88 (1965), but substituting propyl iodide for methyl iodide, for Boc-D- 
(l-methyl)tryptophan in Example 90A. The crude product was triturated 
with diethyl ether/hexanes, dissolved in acetonitrile and 0.1% aqueous 
TFA, and lyophilized to give the product as a white powder. 1 H NMR 
(CDCI3, 300 MHz) 50.80 (d, 3H, J=7Hz), 0.82 (d, 3H. J=7Hz), 0.84 (t. 

30 3H, J=8Hz), 1.1-1.7 (m, 13H), 1.80 (m, 2H, J=8Hz), 2.50 (s, 3H), 3.38 (m, 
2H), 3.98 (t, 2H, J=8Hz). 4.35 (m, 1 H), 5.45 (m, 1 H). 6.91 (br s, 1 H), 7.05 
(d, 1H, J=7Hz), 7.17 (d, 1H, J=7Hz), 7.25 (d, 1H, J=8Hz), 7.50 (d, 1H. 
J=8Hz). MS (DCI/NH3) m/e 566 (M+H)+, 583 (M+NH 4 )+. Anal calcd for 
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C31H43N5O5 • 0.4 TFA,: C, 62.48; H, 7.1 6; N, 11 .46. Found: C, 62.55; H. 
7.05; N, 11.47. 

Examp'9 114 

5 2-f f 1 RM-fN-f N-Methvl-N-ohenvlamlnocarbonvn.Leucvl-aminQV2-n - 

methvl-indol-3.vnethvn-5.me1hvl-oxazolft-4-carfaoxvlic add 

Example 1 1 4A 
N-fN-Methvl-N-phenvlaminocarbonvlVLeucina 

10 Leucine-O-benzyl ester free base (2.4 g) was dissolved in 

toluene (25 mL). Triphosgene (1 .1 g) was added and the solution 
heated at reflux for 2.5 hours. The solution was allowed to cool to 
ambient temperature and the solvent evaporated. The residue was 
dissolved in CHCI3 (25 mL) and cooled to 0 °C in an ice-bath. N- 

15 Methylaniline (1 .2 mL) was added and solution stirred cold for 30 
minutes. The bath was removed and the solution allowed to stir at 
ambient temperature for 5 hours. The solution was washed with 
saturated sodium bicarbonate solution, 1 H H3PO4, and brine, dried with 
M9SO4, and evaporated to give an orange oil which was purified by 

20 flash chromatography on silica gel eluting with 20% EtOAc-hexane to 
give the title compound benzyl ester as a light yellow oil which solidified 
on standing (3.65 g, 95%). The resultant benzyl ester was dissolved in 
EtOH (150 mL), the solution was purged of oxygen, 10% Pd/C (150 mg) 
was added, and the mixture was stirred under hydrogen for two hours. 

25 The solvent was removed in vacuo, and the residue was taken up in 
. EtOAc and tittered through Celite® to remove the catalyst. The solvent 
was evaporated in vacuo to give the carboxylic acid as a colorless oil 
(2.62 g, 96%). 
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Example 114B 

2-ffim-1-fN-fN-Methvl-N-Dhenvlami nocarbonyn-Leucvl-aminnVP.M. 
methvl-indol-3-vnethvn-5-methvl-oxa7olfl-A.ftarfaQwlin arid 
The crude compound resulting from Example 90C was dissolved 
5 in THF (2 mL). HOBt (42 mg), the acid prepared in Example 1 1 4A (80 
mg) and EDCI (57 mg) were added. N-Methylmorphollne (100 uL) was 
added and the mixture stirred at room temperature for 18 hours. The 
solvent was evaporated under reduced pressure and the residue taken 
up in EtOAc. The solution was washed with saturated NaHC03 solution, 

10 1 M H3PO4 and brine, dried with MgS04, and evaporated in vacuo to 
give an orange oil which was purified by flash chromatography on silica 
gel eluting with 50% EtOAc-hexane. This material was dissolved in 30 
mL of EtOH, 50 mg of 10% palladium on carbon was added, and the 
mixture was purged with nitrogen. The nitrogen line was exchanged for 

15 a balloon of hydrogen, and the mixture was stirred at ambient 

temperature for 4 hours. The catalyst was removed by filtration through 
a pad of CeDte®; the solvents were removed in vacuo. The crude 
product was triturated with diethyl ether/hexanes, dissolved in 
acetonitrile and 0.1 % aqueous TFA, and lyophilized to give the product 

20 as a pale blue powder (65%). ""H NMR (CDCI 3> 300 MHz) 8 0.75 (d, 
3H, J=8Hz). 0.78 (d, 3H, J=8Hz), 1.15-1.4 (m, 3H), 2.55 (s. 3H), 3.22 (s, 
3H), 3.42 (m, 2H), 3.71 (s, 3H), 4.38 (m, 1H), 4.70 (d, 1H, J=8Hz), 
5.48(dd. 1H. J=6Hz,8Hz), 6.88 (s, 1H), 7.07 (t, 1H, J=7Hz), 7.25 (m, 5H), 
7.39 (m, 2H), 7.50 (d, 1H, J=7Hz). MS (FAB) m/e 546 (M+H)+ 568 

25 (M+Na)+, 584 (M+K)+. Anal calcd for C30H35N5O5 • 0.50 TFA: C, 61 .78; 
H, 5.94; N, 1 1 .62. Found: C, 61 .79; H, 6.21 ; N, 11 .60. 
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Example 115 

2-fMm-1-rN-f2-Pvridv>aminoearbonvn-L6ucvl-aminoV2-n-mQthvl-indol- 

3-yl)ethyl}-5-methyl-oxa2ole-4-carfaoxyl{c add 
The title compound was prepared following the procedures 

5 described in Example 114, substituting 2-aminopyridine for N- 

methylaniline in Example 1 14A. The crude product was triturated with 
diethyl ether/hexanes, dissolved in acetonitrile and 0.1% aqueous TFA, 
and lyophiiized to give the product as a white powder. MS (FAB) m/e 
533 (M+H)+ 555 (M+Na)+ 571(M+K)+. Anal calcd for C28H32N6O5 • 

10 0.70 H 2 0, 0.80 TFA: C. 55.86; H, 5.42; N, 1 3.20. Found: C, 55.92; H, 
5.64; N, 12.89. 

Example 116 

2-fMRW1-fN-/3-Pvridvlaminocarbonvn-Leucv»-amino)-2-M-methvMndQl- 
15 3-vnethvlf-5-methvl-oxazole-4-carfaQxvlic acid 

The title compound was prepared following the procedures 
described in Example 114, substituting 3-aminopyridine for N- 
methylaniline in Example 1 14A. The crude product was triturated with 
diethyl ether/hexanes, dissolved in acetonitrile and 0.1% aqueous TFA, 
20 and lyophiiized to give the product as a white powder. 1 H NMR 

(CDCI3/CD3OD, 300 MHz): 5 0.86 (d, 3H, J=5Hz), 0.88 (d, 3H, J=5Hz), 
1.42 (m, 2H), 1.53 (m, 1H), 2.55 (s, 3H), 3.39 (m, 2H), 3.70 (s, 3H), 3.71 
(m, 1 H), 4.33 (m, 1 H), 5.44 (m, 1 H), 6.91 (s, 1 H). 7.02 (t, 1 H, J=7Hz), 
7.1 3 (t, 1 H, J=7Hz), 7.24 (d. 1 H, J=8Hz), 7.46 (d, 1 H. J=8Hz), 7.71 (dd, 
25 1 H, J=7Hz,8Hz), 8.1 7 (dd. 1 H, J=1 Hz,8Hz), 8.26 (d. 1 H, J=7Hz), 8.98 (d. 
1H,J=1Hz). MS (DCI/NH3) m/e 533 (M+H)+ Anal calcd for 
C28H32N6O5 • 2.65 TFA: C. 47.91 ; H, 4.1 8; N, 10.07. Found: C, 47.93; 
H, 4.62; N, 9.70. 
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Example 117 

2-K1 RV1 -m-( Pentafluorophenvlaminocarfaon yh.Leucvl-aminQ]-2.M - 
methvMndol-3-vhethvn.5-methvl-oxazolft-it- carfaoxvlie add 
The title compound was prepared following the procedures 
5 described in Example 114, substituting pentafluoroaniline for N- 

methylaniline in Example 1 14A. 1 H NMR (CD3OD, 300 MHz) 80.83 (d, 
3H, J=7Hz), 0.84 (d, 3H, J=7Hz), 1 .27-150 (m, 3H), 2.54 (s, 3H), 3.25-3.5 
(m, 2H), 3.75 (s, 3H), 4.40 (dd. 1H, J=6Hz,8Hz). 5.39 (dd. 1H, 
J=6Hz,8Hz), 6.97 (s, 1 H), 7.02 (dt, 1 H, J=1 Hz,8Hz), 7.14 (dt, 1 H, 
10 J=1 Hz,8Hz), 7.30 (d, 1 H, J=8Hz), 7.44 (d, 1 H, J=8Hz). MS (FAB/NBA) 
m/e 622 (M+H)+,644 (M+ Na)+. Anal calcd for C29H28F5N5O5 • 0.8 TFA: 
C, 51.49; H, 4.21 ; N, 9.81. Found: C, 51.68; H, 4.48; N, 9.48. 

Example 118 

15 2-M1 RM-rN-f2-Hvdroxvphenvlaminoc arbonvn-Leuf!vl-aminn]-P-M. 

methvl-indol-3-vnethvn-5-methvl-oxa7Qle -4-carboxvlin arid 
The title compound was prepared following the procedures 
described in Example 114, substituting 2-hydroxyaniline for N- 
methylaniline in Example 1 14A. The residue was triturated with 

20 hexanes/ether; the resultant material was dissolved in 0.1% aqueous 
TFA/acetonitrile and lyophilized to give the title compound as a white 
powder (61 mg). 1H NMR (CD3OD, 300 MHz) 8 0.86 (d, 3H, J=6Hz), 
0.88 (d, 3H, J=6Hz), 1.4 (m. 2H), 1.55 (m, 1H). 2.52 (s, 3H), 3.35 (m, 
2H), 3.60 (s. 3H). 4.27 (dd. 1H, J=7Hz,8Hz), 5.39 (t, 1 H. J=7Hz), 6.7-6.9 

25 (m, 3H), 6.95 (dt, 1 H, J=1 Hz.7Hz), 6.96 (s, 1 H), 7.09 (dt, 1 H, J=1 Hz,7Hz), 
7.26 (d, 1 H, J=8Hz), 7.35 (d. 1 H, J=8Hz), 7.67 (dd, 1 H, J= 1 Hz,8Hz). MS 
(FAB/MeOH) m/e 548 (M+H)+. Anal calcd for C29H33N5O6 • 0.5 TFA: C, 
59.60; H, 5.58; N, 11.58. Found: C, 59.71 ; H, 5.85; N, 1 1.61. 
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Example 119 

2-{Mm-1-fN-/Cyclohexyloxycarbonvh-Leucyl-amino)-2-M-mflthv»-indol- 

3-ynethvi}-5-methyl-oxazole-4-rarooxylicacid 

The title compound was prepared following the procedures 
5 described in Example 114, substituting cyclohexanol for N-methylaniline 
in Example 1 1 4A. The crude final product was purified by trituration with 
ether/hexanes; the resultant material was dissolved in 0.1% aqueous 
TFA/acetonitrile and lyophilized to give the title compound as a white 
powder (60 mg). 1H NMR (CD3OD, 300 MHz) 5 0.83 (d, 6H, J=7Hz), 
10 1.3-1.9 (m, 13H), 2.54 (s, 3H), 3.3-3.5 (m, 2H), 3.73 (s. 3H), 4.10 (m, 1H), 
4.51 (m. 1H), 5.38 (dd. 1H, J=7Hz,8Hz), 6.96 (s, 1H), 7.01 (t, 1H, J*7Hz), 
7.1 3 (dt, 1 H, J=1 Hz,7Hz), 7.29 (d, 1 H, J=8Hz), 7.45 (d, 1 H, J=8Hz). MS 
(FAB/NBA) m/e 539 (M+H)+, 561 (M+Na)+. Anal calcd for C29H38N4O6 
• 0.3 TFA: C. 62.06; H, 6.74; N, 9.78. Found: C, 61.70; H, 6.74; N, 9.98. 

15 

Example 120 

2-f 1 1 m-1 -f N-rN-Cvclohexvl-N-methylaminocarbonvl^Cvdohexvlalanyl- 
aminoJ-2-( 1 -methvMndol-3-vhethvl}-5-methvl-oxa2ole-4-carboxylic acid 
The title compound was prepared following the procedures 

20 described in Example 90, substituting N-methylcyclohexylamine for (±)- 
exo-2-aminonorbornane and Cha-OBn for Leucyl-OBn • pTsOH in 
Example 90D. NMR (CD3OD, 300 MHz) 5 0.75-0.95 (m, 2H), 1.05-1.85 
(m, 21 H), 2.54 (s, 3H), 2.73 (s, 3H), 3.25-3.40 (m, 2H), 3.74 (s. 3H), 3.90 
(m, 1 H), 4.35 (t, 1 H, J=7Hz), 5.37 (t, 1 H, J=7Hz), 6.95 (s, 1 H), 6.99 (t, 1 H, 

25 J=8Hz), 7.14 (dt, 1H, J=1Hz,8Hz). 7.30 (d, 1H, J=8Hz), 7.42 (d, 1H, 
J=8Hz). MS (DCI/NH3) m/e 592 (M+H)+. Anal calc for C33H45N5O5 • 
0.7 TFA: C, 61.53; H, 6.86; N, 10.43. Found: C, 61.47; H, 7.06; N, 10.54. 
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Example 121 
24MRH-fN-fN-momopiperidin-^^ 

2-f 1 -methv(-lndol-3-vltethvl)-5-mQthvl-oxa2Qle-4-carboxy>ic arid 

5 Example 121 A 

2-f M RM -tN^bz-N-mQthvlaminol- 2-M >methvMndol>3-vnethyl}-5- 
methvl-oxazole-4-carboxvlic acid benzvl ester 
The title compound was prepared following the procedures 
described in Examples 90A and 90B, substituting N-Cbz-N-methyl-D-(1- 
10 methyl)-tryptophan for Boc-D-(1-methyl)-tryptophan in Example 90A. 

Example 121B 

2-fnR^1-fN-methvlaminQV2-M-methvl-indoU3-vhethvl}^methyl> 

oxazole-4-carboxvlic acid 
15 To the compound resulting from Example 121 A dissolved in 10 

mL of ethanol was added 50 mg of 1 0% palladium on carbon. The 
mixture was purged with nitrogen, the nitrogen line was exchanged for a 
balloon of hydrogen, and the mixture was stirred at ambient temperature 
for 14 hours. The catalyst was removed by filtration through a pad of 
20 Celite®; the solvents were removed in vacuo to provide crude product 
which was used without further purification. 

Example 121C 

2-ff1RV1-fN-/N-(Homopir^ridin-1-vlcarbonyl ULeucvlVN-methylaminQ]> 
25 2-H -methvMndol-3-vnethvft-5-methvl-oxazole-4-carboxvlic acid 

A solution of 65 mg of the compound resulting from Example 45D, 
33 mg of HOBt, 6 drops of N-methylmorpholine, and 45 mg of EOCI in 3 
mL THF and 1 mL of DMF was allowed to stir at ambient temperature for 
1 hour. The product resulting from Example 121B was added as a 
30 solution in 1 mL of DMF, and the reaction mixture was stirred for 1 4 
hours. The resultant solution was concentrated in vacuo, and the 
residue was taken up in EtOAc and washed with 1 M H3PO4. The 
organic phase was concentrated in vacuo; and the crude material was 
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purified by preparative HPLC (Vydac uC18) eluting with a 0-80% 
gradient of CH3CN in 0.1% TFA. The desired fractions were lyophilized 
to give the title compound as a white solid (4 mg). 1 H NMR (CD3OD, 
300 MHz) of major rotamer 5 0.67 (d, 3H, J=6Hz), 0.68 (d, 3H, J=6Hz), 
5 1 .45-1 .6 (m, 5H), 1 .6-1 .8 (m, 6H). 2.60 (s, 3H), 2.96 (s, 3H), 3.3-3.5 (m, 
6H), 3.75 (s, 3H). 4.57 (dd, 1 H, J=4Hz,1 1 Hz), 6.23 (m, 1 H), 7.06 (dt, 1 H, 
J=1Hz,7Hz), 7.08 (s, 1H), 7.16 (dt, 1H, J=1Hz,7Hz), 7.31 (d, 1H, J=8Hz), 
7.63 (d, 1 H, J=8Hz). MS (FAB/MeOH) m/e 552 (M+H)+; 574 (M+Na)+ 
HRMS calcd for C30H42N5O5: 552.3186. Found: 552.3176. 

10 

Example 122 

2-f 1 1 RV1 -rM-fN-Cvclohexvlaminocarfaonvl-N-methvl-Leucvl^-aminQ]-2- 
( 1 -methvl-indol-3-ynethvn-5-methvl-oxazole-4-carboxvlic acid 

15 Example 1?2A 

2-JM RV1 -rfN-Boc-N-Methvl-LeucvlVaminol-2-f 1 -methvHndol-3-vnethvll- 

frmethyl-Qxa?ple-4-carbPxylic acid benzyl ester 

The compound resulting from Example 90C (100 mg) was 
dissolved in THF (2 mL). HOBt (42 mg), N-Boc-N-methyl-Leu-OH (80 

20 mg, prepared by the method of Cheung and Benoiton, Can. J. Chem. 55 
906 (1977), and EDCI (57 mg) were added. N-Methylmorpholine (100 
\iL) was added and the mixture stirred at room temperature for 18 hours. 
The solvent was evaporated under reduced pressure and the residue 
taken up in EtOAc. The solution was washed with saturated NaHCCb 

25 solution, 1 U H3PO4 and brine, dried with MgSCU, and evaporated in 
vacuo to give crude product which was used without further purification. 
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Example 122B 
2-f ( 1 RM -rN-(N-Cvclohexvlaminora^ 

f 1 -methYi'intfQ'-3-yl)ethyQ-5-methYl-Qx^Qte>4>caitypxyiic add 

The compound resulting from Example 122A was dissolved in 30 
5 mL of EtOH, 40 mg of 10% palladium on carbon was added, and the 
mixture was purged with nitrogen. The nitrogen line was exchanged for 
a balloon of hydrogen, and the mixture was stirred at ambient 
temperature for 4 hours. The catalyst was removed by filtration through 
a pad of Celite®; the solvents were removed in vacuo. The crude 

10 product was dissolved in 6 mL of trifluoroacetic add and allowed to stir 
at ambient temperature for 1 hour. The solvents were removed in 
vacuo; the residue was taken up in toluene and concentrated in vacuo. 
This material was dissolved in 5 mL of DMF; 0.2 mL of N- 
methylmorpholine was added followed by 5 drops of cyclohexyl 

15 isocyanate. The resultant solution was stirred at ambient temperature 
for 15 hours. The solvents were removed in vacuo, and the residue was 
taken up in EtOAc, washed sequentially with 1 U H3PO4 and brine, 
dried over Na2S04, filtered through Celite®, and concentrated in vacuo: 
The crude product was taken up in ether/hexanes and filtered to afford 

20 the title compound as a white solid (122 mg). *H NMR (CD3OD, 300 
MHz) 5 0.85 (d, 3H, J=7Hz), 0.87 (d, 3H, J=7Hz), 1.0-19 (m, 13H), 2.50 
(s, 3H), 2.66 (s, 3H), 3.3-3.4 (m, 2H), 3.47 (m f 1 H), 3.74 (s, 3H), 4.78 (dd, 
1H, J=7Hz,9Hz), 5.32 (dd, 1H, J=6Hz,8Hz), 6.99 (s, 1 H), 7.00 (dt, 1H, 
J=1Hz,7Hz), 7.13 (dt, 1H, J=1Hz,7Hz), 7.29 (d, 1H, J=8Hz), 7.42 (d, 1H, 

25 J=8Hz). MS (DCI/NH3) m/e 552 (M+H)+, 569 (M+NH 4 )+ Anal calcd for 
C30H40N4O5 • 0.55 TFA • 1.5 H2O: C, 58.24; H, 7.00; N, 10.92. Found: 
C, 58.35; H, 7.31 ;N, 10.58. 
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Example 123 

2-K1 RV1 -ff 2R)-2-f3-Cvclohexvl-2-imida2olidone-1 -vll-4- 
methvlvaleramidol-2-M 

carboxylfc acid 

Example 123A 
N-Benzvloxvcarbonvl-N-cvclohexvl^lvdna methvl ester 

Cyclohexanone (3.0 g) was dissolved in methanol (25 mL). 
Glycine methyl ester hydrochloride (3.8 g) was added and the mixture 
adjusted to pH 5.5 by addition of acetic acid. Sodium cyanoborohydride 
(1 .9 g) was added and the solution stirred at ambient temperature for 24 
hours. The solvents were evaporated and the residue dissolved in 
EtOAc (50 mL). The resulting solution was washed with water (25 mL), 
saturated sodium bicarbonate solution (2 x 25 mL), and brine (25 mL), 
dried with Na2S04 and evaporated to give a yellow oil which was 
purified by flash chromatography on silica gel eluting with 70% EtOAo- 
hexane to give 1 .85 g of colorless oil (35%). 

The resultant N-cyclohexyl-glycine methyl ester (1 .8 g) and 
sodium bicarbonate (0.9 g) were suspended in dimethylformamide (25 
mL). The suspension was cooled to 0 °C in an ice bath and benzyl 
chloroformate (1 .5 mL) was added. The mixture was stirred at 0 °C for 3 
hours and then allowed to warm to room temperature. Water (75 mL) 
was added and the mixture extracted with EtOAc (2 x 50 mL). The 
organic extracts were combined, washed with saturated sodium 
bicarbonate solution (2 x 25 mL), 1 H H3PO4 (25 mL), and brine (25 
mL). The organic layer was dried with Na2S04 and evaporated to give 
a yellow oil which was purified by flash chromatography on silica gel 
eluting with 20% EtOAc-hexane to give 1.65 g (52%) of the title 
compound as a colorless oil. 
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Example 123B 

N-r2-fN-Cbz-N-cvdQhexvlamtnQ^thvh.Leucine tert-hiityl aster 

The compound resulting from Example 123A (1.63 g) was 
dissolved in THF (5 mL). UOH (0.5 g) in water (2 mL) was added, and 
5 the mixture was stirred at ambient temperature for 1 8 hours. The 
mixture was made acidic by the addition of 1 U H3PO4 and extracted 
with EtOAc (2 x 50 mL). The organic extracts were combined, dried with 
Na 2 S0 4 , and evaporated to give a pale yellow oil (1 .35 g, 87%). 

The resulting substituted glycine carboxylic acid was dissolved in 

10 THF (25 mL). Leucine tert-butyl ester hydrochloride (1 .0 g), HOBt (0.65 
g), EDCI (0.9 g), and N-methylmorpholine (1.2 mL) were added. DMF 
(15 mL) was added to the mixture and the solution stirred at ambient 
temperature for 18 hours. Water (75 mL) was added and the mixture 
extracted with EtOAc (2 x 50 mL). The organic extracts were combined, 

15 washed with saturated sodium bicarbonate solution (2 x 25 mL), 1 H 
H3PO4 (25 mL), and brine (25 mL). The organic layer was dried with 
Na2S0 4 and evaporated to give a yellow oil which was purified by flash 
chromatography on silica gel eluting with 25% EtOAc-hexane to give 1 .4 
g (67%) of the coupled product as a white solid. 

20 The product (1 .35 g) was dissolved In THF (20 mL) and the 

solution cooled to 0 °C. Bo ran e in THF (1 i±, 25 mL) was added slowly 
and the solution stirred at 0 °C for five hours. 10% HOAc in MeOH (20 
mL) was added very slowly to the cooled reaction mixture. After the 
addition was complete, the reaction was allowed to warm to ambient 

25 temperature and stirred for 1 8 hours. The solution was made basic with 
saturated sodium bicarbonate solution and extracted with EtOAc (3 x 35 
mL). The organic layers were combined, dried with Na2S0 4 , and 
evaporated to give a yellow oil which was purified by flash 
chromatography on silica gel eluting with 25% EtOAc-hexane to give 0.5 

30 g (38%) of the title compound as a colorless oil. 
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Example 123C 

(2RV2^r3-CvdQhexy^2-imida2olidone>1 -vni-4-methvlvalBric acid 
The compound resulting from Example 123B (0.45 g) was 
dissolved in ethanol (15 mL). 10% Palladium on carbon (50 mg) was 
5 added. The flask was fitted with a three-way stopcock connected to a 
hydrogen-filled balloon and a nitrogen/vacuum manifold. The flask was 
evacuated, filled with nitrogen, evacuated again, and then put under a 
hydrogen atmosphere. The mixture was stirred at ambient temperature 
for 5 hours. The hydrogen was evacuated and the fl^sk filled with 

10 nitrogen. The catalyst was removed by filtration through a pad of 
Celite® and the solvent removed in vacuo to give the de-protected 
compound as a yellow oil (0.28 g, 80% yield). 

The resultant diamine (0.28 g) was dissolved in CHCI3 (15 mL) 
and carbonytdiimidazole (0.15 g) was added. The solution was heated 

15 at reflux for six hours, allowed to cool to ambient temperature, and 

evaporated. The residue was dissolved in EtOAc (25 mL), washed with 
saturated sodium bicarbonate solution (2 x 25 mL), 1 Jfc£ H3PO4 (25 mL), 
and brine (25 mL). The organic layer was dried with Na2S04 and 
evaporated to give a yellow oil (0.29 g, 95% yield). 

20 The tert-butyl ester (0.29 g) was dissolved in 4 H HCI in dioxane 

(5 mL) and stirred at ambient temperature for 18 hours. The solvent was 
evaporated to give a white solid which was dissolved in acetone (1 0 
mL) and evaporated. The white solid was triturated with diethyl 
ether/hexane and collected by filtration to give 0.17 g (70%) of the title 

25 compound as a white soild. 
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Example 123D 

2-{(1 RH -( f2RV2-f3-Cvctoh9xyh2HmiclazolidQng'1 -y IH- 

methvfcalQramidoT-2-/1-methvl-indol^^^^ 

carboxvlic acid 

The crude compound resulting from Example 90C (220 mg) was 
dissolved in THF (4 mL). HOBt (80 mg), the acid prepared in Example 
123C (125 mg) and EOCI (115 mg) were added. N-Methylmorpholine 
(200 fiL) was added and the mixture stirred at room temperature for 18 
hours. The solvent was evaporated under reduced pressure and the 
residue taken up in EtOAc. The solution was washed with saturated 
NaHC03 solution, 1 U H3PO4 and brine, dried with MgS04, and 
evaporated in vacuo to give an orange oil which was purified by flash 
chromatography on silica gel eluting with 50% EtOAc-hexane. This 
material was dissolved in 30 mL of EtOH, 50 mg of 10% palladium on 
carbon was added, and the mixture was purged with nitrogen. The 
nitrogen line was exchanged for a balloon of hydrogen, and the mixture 
was stirred at ambient temperature for 4 hours. The catalyst was 
removed by filtration through a pad of Celite® ; the solvents were 
removed in vacuo. The resultant material was dissolved in acetonitrile 
and water and lyophilized to give the product as a white powder (120 
mg, 47%). NMR (CDCfc-CDsOD, 300 MHz) 8 0.85 (d, 6H, J«7Hz), 
1.25-1.9 (m, 13H), 2.53 (s, 3H), 3.34 (m, 4H), 3.58 (m, 2H), 3.75 (m, 1H), 
3.77 (s, 3H), 4.36 (t, 1 H, J=7Hz), 5.38 (t, 1 H, J=7Hz), 6.94 (s, 1 H), 7.05 (t, 
1 H, J~7Hz), 7.1 8 (t, 1 H, J=7Hz), 7.29 (d, 1 H, J«8Hz), 7.46 (d, 1 H, 
J=8Hz). MS (DCI/NH3) m/e 564 (M+H)+ 581 (M+NH4)*. Anal caled for 
C31H41N5O5 • 1.3 H 2 0: C, 63.61 ; H, 7.47; N, 1 1.96. Found: C, 63.57; H, 
7.29; N, 1 1 .99. 
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Example 124 

2-{M ffl-1 -fN-f 1 -Methvlcvcloh6xvtaminQcarbonvh-Leucvl-amino]-2-^ 1 - 
methyNndol-3-vnethvl}-5-methvl-oxa2Qle-4-carboxylicadd 

5 Exampig 124A. 

N-(1-MethylcyclQhexylaminocarbonyh-Leucyt'OH 
To a solution of 1 .06 g (7.5 mmol) of 1 -methylcyclohexane-1 - 
carboxyiic acid in 40 mL of toluene were added 1 .61 mL of 
diphenylphosphorylazide (2.06 g, 1 eq) and 1.65 mL (1.52 g, 15 mmol) 

10 of N-methylmorpholine. The resultant mixture was heated at 70 °C for 2 
hours, cooled to room temperature, and added dropwise to a solution of 
1.97 g (5 mmol) of Leu-OBnTsOH and 1.1 mL of N-methylmorpholine In 
20 mL of toluene. The reaction mixture was stirred overnight at ambient 
temperature and then washed with sodium bicarbonate solution, 1 M 

15 H3PO4, and brine, and concentrated in vacuo. The crude product (2.5 
g) was dissolved in 50 mL of EtOH, 50 mg of 10% palladium on carbon 
was added, and the mixture was purged with nitrogen. The nitrogen line 
was exchanged for a balloon of hydrogen, and the mixture was stirred at 
ambient temperature for 4 hours. The catalyst was removed by filtration 

20 through a pad of Celite®, and the solvents were removed in vacuo to 
give the title compound which was used without further purification. 



Example 124P 

2-fnR\-1-fN-(1-Methvlcvclohexvlaminocarbonvl\-Leucvi-amino]-2-M- 
25 methvMndol-3-yhethyl}-5-methyl-oxa2ole-4-carboxylic add 

The title compound was prepared following the procedures 
described in Example 123D, substituting the compound of Example 
124A for the compound of Example 123C. 'H NMR (CD3OD, 300 MHz) 
5 0.83 (d. 3H, J=6Hz), 0.84 (d, 3H, H=6Hz), 1.25 (s, 3H) 1.26-1.56 (m, 
30 11H), 1.8-1.9 (m, 2H), 2.57 (s, 3H), 3.2-3.5 (m, 2H), 3.74 (s, 3H). 4.14 
(dd, 1H, J=6Hz,9Hz), 5.36 (dd, 1H, J= 6Hz,7Hz), 6.97 (s, 1H), 7.05 (dt, 
1H, J= 1Hz,8Hz), 7.13 (dt, 1H, J=1Hz.8Hz), 7.29 (d, 1H, J=8Hz). 7.45 (d, 
1H,J=8Hz). MS (DCIANH3) m/e 552 (M+H) + , 569 (M+NH4) + . Analcalcd 
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for C30H41N5O5 • 0.8 TFA: C, 59.04; H, 6.55; N, 1 0.89. Found: C, 59.27; 
H, 6.79; N f 10.98. 

Example 125 

5 2-M1 ffl-1 -rN^PhenvlaminocarbQnvlVLeucvl-aminol-2-n >methvMndol>3- 

ynethylh5'm9thyhpfflTOl9'4-cai1?QXYlic acid 

Example 125A 
N-CPhenyiaminpcarfrpnyn^gwyl-QH 

10 Leu-OBn • pTsOH (2.0 g) was suspended in THF (10 mL). N- 

MethylmorphoRne (0.56 mL) and phenylisocyanate (0.55 mL) were 
added and the solution stirred at ambient temperature for four hours. 
The solvent was evaporated and the residue taken up in EtOAc (50 mL) 
and washed with saturated sodium bicarbonate solution, 1 U H3PO4, 

15 and brine. The organic layer was dried with MgSCU and evaporated to 
give a colorless oil which was purified by flash chromatography on silica 
gel eluting with 20% EtOAc-hexanes. The resulting colorless oil was 
taken up in EtOH (25 mL). 10% Palladium on carbon (0.5 g) was added. 
The flask was fitted with a three-way stopcock connected to a hydrogen- 

20 filled balloon and a nitrogen/vacuum manifold. The flask was 

evacuated, filled with nitrogen, evacuated again, and then put under a 
hydrogen atmosphere. The reaction was stirred at ambient temperture 
for 20 hours. The hydrogen was evacuated and the flask filled with 
nitrogen. The catalyst was removed by filtration through Celite® and the 

25 solvent evaporated to give the title compound as a pale yellow oil (1 .08 
g, 85%). 
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Example 125B 
2-{MR)-1-fN-fPhenvla mino^^ 

yl)ethyt]^methvf-oxazole-4-carboxvlic acid 
The crude compound resulting from Example 90C (1 40 mg) was 
5 dissolved in THF (4 mL). HOBt (50 mg), the add prepared in Example 
125A (100 mg) and EDCI (65 mg) were added. N-Methylmorpholine 
(150 nL) was added and the mixture stirred at room temperature for 18 
hours. The solvent was evaporated under reduced pressure and the 
residue taken up in EtOAc. The solution was washed with saturated 

10 NaHC03 solution, 1 M H3PO4 and brine, dried with MgS0 4 , and 

evaporated in vacuo to give a yellowish oil which was purified by flash 
chromatography on silica gel eluting with 50% EtOAc-hexane. This 
material was dissolved in 30 mL of EtOH; 50 mg of 10% palladium on 
carbon was added, and the mixture was purged with nitrogen. The 

15 nitrogen fine was exchanged for a balloon of hydrogen, and the mixture 
was stirred at ambient temperature for 4 hours. The catalyst was 
removed by filtration through a pad of Celite®, and the solvents were 
removed in vacuo. The crude product was triturated with diethyl 
ether/hexanes, dissolved in acetonitrile and 0.1% aqueous TFA, and 

20 lyophilized to give the product as a white powder (118 mg, 55%). 1 H 
NMR (CD3OD-CDCI3, 300 MHz) 8 0.85 (d, 3H, J=8Hz), 0.88 (d, 3H, 
J=8Hz), 1.35-1.6 (m # 3H), 2.52 (s, 3H), 3.38 (d. 2H. J=10Hz), 3.56 (s,3H), 
4.32 (dd, 1H, J=6Hz,10Hz), 5.43(t, 1H, J=6Hz), 6.90 (s, 1H), 6.98 (m, 
2H), 7.1 1 (dt, 1 H, J=1 Hz,7Hz), 7.25 (m, 3H), 7.34 (m, 3H). MS 

25 (DCI/NH3) m/e 532 (M+H)+ 549 (M+NH*)* Anal calcd for C29H33N5O5 
• 0.33 TFA: C, 62.58; H, 5.90; N, 12.30. Found: C, 62.65; H, 5.84; N, 
12.20. 
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Example 126 

2-fM m-1.fN-r3-nuorQphenvlaminQearfaonvh-Leucvl-aminoV2-(1 - 
methyl-indol-3-vl\ethvp-5-methyl-oxazole-4-carboxvlic acid 

• * 

The title compound was prepared according to the procedures 
5 described in Example 1 25 but substituting 3-fluorophenyl isocyanate for 
phenyl Isocyanate in Example 125A. The crude product was triturated 
with diethyl ether/hexanes, dissolved in acetonitrile and 0.1 % aqueous 
TFA, and lyophiPzed to give the product as a white powder. 1 H NMR 
(CDCI3, 300 MHz) S 0.78 (d, 3H, J=6Hz), 0.82 (d, 2H, J=6Hz), 1.2-1.35 

10 (m. 2H), 1 .45-1 .55 (m, 1 H), 2.42 (s, 3H), 3.32 (m, 2H), 3.48 (s, 3H), 4.36 
(m, 1H), 5.42 (dd, 1H, J=7Hz,8Hz), 5.96 (m, 1H), 6.59 (dt, 1H, 
J=1Hz,7Hz), 6.80 (m, 2H), 6.95 (m, 2H), 7.03 (m, 1H), 7.12 (m, 2H), 7.25 
(m,2H). MS (FAB) m/e 546 (M+H)+, 568 (M+Na)+, 584 (M+K)+. Anal 
calcd for C29H32N5O5F • 1 .50 TFA: C, 55.23; H, 4.91 ; N, 1 0.29. Found: 

15 C, 55.31 ;' H, 5.29; N, 9.88. 

Example 127 

2-{nRV1-fN-(N.N-DiphenvlaminocarbonylWLeucyl-amino]-2-(1-methyl- 
»ndol-3-ynethyl)-5-methvl-oxazole-4-carboxvlic acid 

20 The title compound was prepared according to the procedures 

described in Example 1 25 but substituting dipheny Icarbamy I chloride for 
phenyl isocyanate in Example 125A. The crude product was triturated 
with diethyl ether/hexanes, dissolved in acetonitrile and 0.1% aqueous 
TFA, and lyophilized to give the product as a white powder. 1 H NMR 

25 (CD3OD, 300 MHz) 5 0.78 (d, 3H, J=7Hz), 0.84 (d, 2H, J=7Hz), 1 .28 (m, 
2H), 1.37 (m, 1H), 2.55 (s. 3H), 3.38 (m, 2H). 3.70 (s, 3H), 4.38 (m, 1H), 
5.39 (dd, 1H, Jo7Hz,8Hz), 6.95 (s, 1H), 7.02 (dt, 1H, J=1Hz,7Hz), 7.10 
(m, 3H), 7.21 (m, 3H), 7.30 (m, 4H), 7.38 (m, 2H), 7.45 (d, 1H, J=7Hz). 
MS (DCI/NH3) m/e 608 (M+H)+ 625 (M+NH 4 ) + . Anal calcd for 

30 C35H37N5O5 • 0.30 TFA: C, 66.61 ; H, 5.86; N, 10.91. Found: C, 66.78; 
H, 6.43; N, 10.35. 



1 

11/28/06, EAST Version: 2.1.0.14 



WO 95/08550 



-154 



PCTAJS94/10049 



2-{MRW1-fN-r2-Fluorophenvlaminocarbonvn>Leucvl-aminoy2.(1- 
methvl-indo»-3-vnethvl]-5-methvl-oxazole-4-carfaoxvlic acid 

■ 

The title compound was prepared according to the procedures 
5 described in Example 125 but substituting 2-fluorophenyl isocyanate for 
phenyl isocyanate in Example 125A. The crude product was triturated 
with diethyl ether/hexanes, dissolved in acetonitrile and 0.1% aqueous 
TFA, and lyophilized to give the product as a white powder. 1 H NMR 

(CD3OD, 300 MHz): 5 0.81 (d. 3H, J=4Hz), 0.83 (d, 2H, J=4Hz), 1 .35 (m, 
10 2H). 1 .5 (m, 1 H), 2.52 (s, 3H), 3.38 (m, 2H), 3.65 (s, 3H), 4.28 (m, 1 H), 
5.40 (dd, 1H, J=7Hz,8Hz), 6.95 (m, 3H), 7.08 (m, 4H), 7.25 (d, 1H, 
J=7Hz), 7.42 (d, 1H, J=7Hz). MS (DCI/NH3) m/e 550 (M+H)+ 567 
(M+NH4)+. Anal calcd for C29H32N5O5F • 0.35 TFA: C, 60.51 ; H, 5.53; 
N, 1 1 .88. Found: C, 60.61 ; H, 5.57; N, 1 1 .74. 

15 

Example 129 

2-fnm-1-fN-f4-FluoroDhenylaminocarbonvn-Leucvl-amino>2-M- 
methvHndol-3-yl)ethyf]-5-methyl-oxazole-4-carboxylic acid 
The title compound was prepared according to the procedures 
20 described in Example 125 but substituting 4-fluorophenyl isocyanate for 
phenyl isocyanate in Example 125A. The crude product was triturated 
with diethyl ether/hexanes, dissolved in acetonitrile and water, and 
lyophilized to give the product as a white powder. 1 H NMR (CDCI3- 
CD3OD, 300 MHz) 5 0.82 (d, 3H, J=4Hz), 0.86 (d, 2H, J=4Hz), 1 .35 (m, 
25 2H), 1 .5 (m, 1 H), 2.55 (s, 3H), 3.38 (m, 2H), 3.63 (s, 3H), 4.28 (m, 1 H), 
5.40 (m, 1 H), 6.95 (m, 4H), 7.1 0 (m, 1 H), 7.32 (m, 3H), 7.40 (m, 1 H). MS 
(FAB) m/e 550 (M+H)+ 572 (M+Na)+. Anal calcd for C29H32N5O5F - 2.0 
H2O: C, 59.48; H, 6.20; N, 1 1 .96. Found: C, 59.1 1 ; H, 6.00; N, 1 1 .36. 
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Example 130 

2-(nRV1-rN-(N-CarbazolvlcarbonvlVLeucvl-amino1. 2-M-methyl-inriQt.3- 

yhethyl]-5-mBthvl-oxazole-4-carfaoYylic arid 

The title compound was prepared according to the procedures 
described in Example 125 but substituting carbazole-N-carbonyl 
chloride for phenyl isocyanate in Example 125A. The crude product 
was purified by preparative HPLC (Vydac jiC18) eluting with a 10-70% 
gradient of CH3CN in 0.1% TFA. The appropriate fraction was 
tyophilized to give the product as a white solid. 1 H NMR (CD 3 OD, 300 
MHz) S 0.78 (d, 3H, J=7Hz), 0.84 (d, 2H, J=7Hz). 1.28 (m, 2H), 1.37 (m, 
1H), 2.75 (s, 3H), 3.42 (m. 2H), 3.60 (s, 3H), 4.42 (m, 1H), 5.43 (dd. 1H, 
J=7Hz,8Hz), 6.95 (s, 1H). 7.02 (dt, 1H, J=1Hz,7Hz), 7.10 (m, 3H), 7.21 
(m, 3H), 7.30 (m. 4H), 7.35 (dt, 2H, J»1 Hz,8Hz), 7.38 (m, 2H), 7.45 (d, 
1H, J=7Hz), 7.47 (t, 2H, J=8Hz), 8.04 (dt, 2H, J=1Hz,8Hz), 8.10 (d, 2H. 
J=8Hz). MS (DCI/NH3) m/e 606 (M+H)+, 623 (M+NH4)+ Anal cated for 
C35H35N5O5 • 1.0 TFA: C, 60.89; H, 6.35; N, 9.60. Found: C, 60.78; H, 
6.41 ; N, 9.35. 

Example 131 

2-ff1R^-1-rN-^-A2aindolin-1-vlcarbQnvh-Leucvl-a mino1-2-M-methyl- 
indol-3-vnethvn-5-methvl-oxazole-4-carboxvlic arid 

Example 131 A 

N-f7-Azaindole-1-carbonyh-LeucinQ benzvl ester 
To a solution of 7-azaindole (2.36 g, 20 mmol) in 100 mL of 3:1 
THF/DMF, stirring at 0 °C, 0.60 g of sodium hydride (1 eq) was added in 
four portions. The resultant solution was stirred for 15 minutes and then 
a solution of 4.03 g (1 eq) of p-nitrophenylchloroformate in 10 mL of THF 
was added rapidly. The reaction mixture was warmed slowly to ambient 
temperature over 3 hours. The solvents were removed in vacuo; the 
residue was taken up in EtOAc and washed sequentially with sodium 
bicarbonate solution and brine. The crude product was added at 0 °C to 
a solution of 1 .97 g (5.0 mmol) of Leucine benzyl ester • p-tosylate and 2 
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mL of N-methyfmorpholine in 15 mL of THR The resultant solution was 
warmed to ambient temperature overnight The solvents were removed 
in vacuo; the residue was taken up in EtOAc and washed sequentially 
with 1 U NaOH (3x) t water, and brine. The crude product was purified 
5 by flash chromatography on silica gel eluting with 3:1 going to 2:1 
hexanes-ether to give 1 .38 g (76%) of the title compound. 

Example 131B 

N^^Azaindole-l^rbonvlWLeucyUOH 
10 and 

N-(7-AzaindQline-1-carbQnYl)-leucyl-OH 

The compound resulting from Example 97A (400 mg) was 
dissolved in 20 mL of ethanol, 50 mg of 1 0% palladium on carbon was 
added, and the mixture was purged with nitrogen. The nitrogen line was 
15 exchanged for a balloon of hydrogen, and the mixture was stirred at 
ambient temperature for 4.5 hours. The catalyst was removed by 
filtration through a pad of Celite®, and the solvents were removed in 
vacuo to give a -1 :1 mixture of the title compounds, which was carried 
forward without further purification or separation. 

20 

Example 131C 

2-{M Rl-1 ^-[N-(7-A2aindolin-1*ylcarbonyiVLeucyl-am8noV2-M -methyl- 
indol-3>vhethvn>5>methvhoxazole>4-carboxvlic acid 
The compound resulting from Example 90C (170 mg) was 
25 dissolved in THF (5 mL) and DMF (2 mL). HOBt (60 mg), the mixture of 
adds prepared in Example 131 B (110 mg) and EDCI (90 mg) were 
added. N-Methylmorpholine (150 \iL) was added and the mixture 
stirred at room temperature for 18 hours. The solvent was evaporated 
under reduced pressure and the residue taken up in EtOAc. The 
30 solution was washed with saturated NaHC03 solution, 1 H H3PO4 and 
brine, dried with MgS04, and evaporated in vacuo. After extractive 
workup, the products were separated by flash chromatography on silica 
gel, eluting with 1 :1 going to 1 2 hexanes-EtOAc. The less mobile 
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product was dissolved in 20 mL of ethanoi, 50 mg of 10% palladium on 
carbon was added, and the mixture was purged with nitrogen. The 
nitrogen line was exchanged for a balloon of hydrogen, and the mixture 
was stirred at ambient temperature for 4 hours. The catalyst was 
5 removed by filtration through a pad of Celite®, and the solvents were 
removed in vacuo. The resultant material was dissolved in 0.1% 
aqueous TFA in acetonitrile and lyophilized to give a white powder (96 
mg). 1H NMR (CD3OD, 300 MHz) 5 0.86 (d, 6H, J=6Hz), 1.3-1.6 (m, 
3H), 2.54 (s, 3H), 3.14 (m, 2H) t 3.35 (m, 2H), 3.58 (s, 3H), 3.97 (t, 2H, 
10 J=9Hz), 4.40 (dd, 1 H, J=5Hz,9Hz), 5.39 (dd, 1 H, J=7Hz,8Hz), 6.9-7.0 (m, 
3H), 7.08 (dt, 1 H, J=1 Hz,7Hz). 7.27 (d, 1 H, J=8Hz), 7.47 (d, 1 H, J=8Hz), 
7.66 (m, 1H), 7.95 (dd. 1H. J=1Hz.6Hz). MS (FAB/NBA) m/e 559 
(M+H)+, 581 (M+Na)+ Anal calcd for C30H34N6O5 ■ 15 TFA: C. 54.32; 
H, 4.90; N, 1 1 .52. Found: C. 54.59; H, 4.69; N, 1 1 .42. 

15 

Example 132 

2-(f1R)-1-fN-r7-Azaindole-1-carbonvn-Leucvl-aminoV2-f1-methvl-indQl- 

3-vl^ethvn-5-methvl-oxazota-4-carboxvlic acid 

Cyclohexadiene (0.1 mL) was added to a suspension of 110 mg 
20 of 10% Pd/C in 2 mL of MeOH. The mixture was stirred for 10 minutes, 
and then a solution of the more mobile product from Example 131C in 4 
mL of 1 :1 MeOH-EtOAc was added. The resultant suspension was 
stirred for 4 hours at ambient temperature. The catalyst was removed by 
filtration through a pad of Celite®, and the solvents were removed in 
25 vacuo. The resultant material was dissolved in 0.1% aqueous TFA in 
acetonitrile and lyophilized to give the title compound as a white powder 
(35 mg). 1H NMR (CD3OD, 300 MHz) 50.84 (d, 3H. J =6 Hz), 0.87 (d, 
3H, J=6Hz), 1 .4-1 .6 (m, 3H), 2.53 (s, 3H), 3.38 (m, 2H), 3.68 (s, 3H), 4.55 
(m, 1H), 5.43 (dd, 1H, J=6Hz,8Hz), 6.66 (d, 1H, J=4Hz), 6.96 (m, 2H), 
30 7.08 (dt, 1 H, J=1 Hz,7Hz). 7.27 (m, 2H), 7.48 (d, 1 H, J=8Hz), 7.88 (d, 1 H, 
J=4Hz), 8.06 (dd, 1H,J=1Hz,8Hz), 8.31 (dd, 1H, J=1Hz,5Hz). MS 
(DCI/NH3) m/e 557 (M+H) + , 574 (M+NH 4 ) + . Anal calcd for C30H32N6O5 
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• 0.6 TFA: C, 59.96; H, 5.26; N, 1 3.45. Found: C, 60.34; H, 5.61 ; N, 
13.21. 

Eraropte 133 

5 9MA m-1 .fN-n nrinlB-1 ^rbomm-Leucvl-aminol-2-( 1 -methvl-inclQl-3- 

yn ft ^yn-S-methvl-o xa7Qle-4-carboxvlic acid 

Fyamole 133A 
N.flnriole-1 -carhonvlVLeucvl-OH 

10 lndole-1-carboxylic acid (0.64 g, 4.0 mmol, prepared according to 

the procedure of Boger and Patel, J. Org. Chem. 152 3934 (1987), was 
dissolved in 20 mL of dichloromethane, EDCI (0.58 g. 3 mmol) was 
added, and the solution was stirred at ambient temperature for 30 
minutes. Leu-OBn (0.55 g, 2.5 mmol) was added, and the solution was 

15 stirred for 16 hours at ambient temperature. The solvents were removed 
in vacuo, and the residue was taken up in EtOAc, washed with water, 
sodium bicarbonate solution, 1 H H3PO4, and brine, and concentrated 
in vacuo. The product was purified by flash chromatography on silica 
gel. 

20 A sample of this material (1 70 mg, 0.49 mmol) was added to a 

suspension of 87 mg of 10% Pd/C in 1.5 mL of MeOH, the mixture was 
purged with nitrogen, and 0.1 mL of cyclohexadiene was added. The 
resultant suspension was stirred at ambient temperature for 1 hour. The 
catalyst was removed by filtration through a pad of Celite®, and the 

25 solvents were removed in vacuo to give a product which was used 
without further purification. 
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Example 133B 

2-fMR^1-fN-nndole-1-carbonvh-Leucvl-amino1-2-ri- methvl-indol-3- 

vnethvn-5-methvl-oxazole-4-carbQxvlic arid 

The compound resulting from Example 90C (95 mg) was 
5 dissolved in THF (4 mL) and DMF (2 mL). HOBt (42 mg), the compound 
of Example 133A (90 mg) and EDCI (57 mg) were added. N- 
Methylmorpholine (200 u.L) was added and the mixture stirred at room 
temperature for 18 hours. The solvent was evaporated under reduced 
pressure and the residue taken up in EtOAc. The solution was washed 

10 with saturated NaHCC>3 solution, 1 M H3PO4 and brine, dried with 
MgS04, and evaporated in vacuo. The product was purified by flash 
chromatography on silica gel, eluting with 4:1 going to 5:2 hexanes- 
EtOAc. The resultant product was added to a suspension of 36 mg of 
10% Pd/C in 1 mL of Me OH, the mixture was purged with nitrogen, and 

15 0.1 mL of cyclohexadiene was added. The resultant suspension was 
stirred at ambient temperature for 2 hours. The catalyst was removed by 
filtration through a pad of Celite®; the solvents were removed in vacuo. 
The crude product was triturated with diethyl ether/hexanes, dissolved in 
aceton'rtrile and 0.1% aqueous TFA, and lyophilized to give the product 

20 as a white powder. 1 H NMR (CD3OD, 300 MHz) 5 0.89 (d, 3H, J=7Hz), 
0.90 (d, 3H, J=7Hz), 1 .4-1 .7 (m, 3H), 2.50 (s, 3H), 3.3-3.4 (m, 2H), 3.53 
(s, 3H), 4.52 (dd. 1H, J=6Hz,10Hz), 5.43 (dd. 1H, J=7Hz,8Hz), 6.62 (d. 
1H, J=4Hz), 6.89-6.96 (m, 2H), 7.06 (dt, 1 H, J=1 Hz,8Hz), 7.14-7.30 (m, 
3H), 7.36 (d. 1 H, J=7Hz), 7.57 (dd, 1 H, J=1 Hz,7Hz), 7.65 (d, 1H, J=4Hz), 

25 8.16 (dd, 1 H, J=1 Hz,7Hz). MS (DCI/NH3) 556 (M+H)+, 573 (M+NH4)+ 
Anal calcd for C31H33N5O5 • 0 .9 TFA: C. 59.85; H. 5.19; N, 10.64. 
Found: C. 60.1 5; H, 5.46; N, 1 0.49. 
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Example 134 

2-{M RM -fN-nndQte-3-carbonyn-Leucvl-amino^2-/1-melhvl-indQl-3- 

vnethyl]-5-mQthvl-oxa?ote-4-carbo)cvticacid 

5 Example 134A 

N-nndole-3-carbonvlVLeu-OH 
lndole-3-carboxylic acid (0.39 g 9 2.4 mmol) was combined with 
Leu-OBn (0.53 g, 2.0 mmol) In 5 mL of THF and 2 mL of DMF. HOBt 
(0.32 g) and EDCI (0.37g, 2.4 mmol) were added, followed by 0.3 mL of 

10 N-methylmorpholine, and the solution was stirred for 16 hours at 
ambient temperature. The solvents were removed in vacuo, and the 
residue was taken up in EtOAc and washed with water, sodium 
bicarbonate solution, 1 H H3PO4, and brine, and concentrated in vacuo. 
The product was purified by flash chromatography on silica gel. 

15 The benzyl ester was dissolved in 50 mL of ethanol, 1 00 mg of 

10% palladium on carbon was added, and the mixture was purged with 
nitrogen. The nitrogen line was exchanged for a balloon of hydrogen, 
and the mixture was stirred at ambient temperature for 4 hours. The 
catalyst was removed by filtration through a pad of Celite®, and the 

20 solvents were removed in vacuo to give the title compound as a 
colorless oil. 



Example 134B 

24(1 m-1 4N-nndole-3-carbonvlVLeucvl^minoy2-M-methvMndol>3- 

25 yDethyn-^methyhoxa^ole^-carbPxyiic acA 

The crude compound resulting from Example 90C (140 mg) was 
dissolved in THF (4 mL). HOBt (50 mg), the acid resulting from Example 
134A (100 mg) and EDCI (65 mg) were added. N-Methylmorpholine 
(150 11L) was added and the mixture stirred at room temperature for 18 
30 hours. The solvent was evaporated under reduced pressure and the 
residue taken up in EtOAc. The solution was washed with saturated - 
NaHC03 solution, 1 M H3PO4 and brine, dried with MgS04, and 
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evaporated in vacuo to give a yellowish oil which was purified by flash 
chromatography on silica gel eluting with 50% EtOAc-hexane. 

The benzyl ester was dissolved in 30 mL of EtOH, 50 mg of 10% 
palladium on carbon was added, and the mixture was purged with 

5 nitrogen. The nitrogen line was exchanged for a balloon of hydrogen, 
and the mixture was stirred at ambient temperature for 4 hours. The 
catalyst was removed by filtration through a pad of Celite®, and the 
solvents were removed in vacuo. The crude product was triturated with 
diethyl ether/hexanes, dissolved in acetonitrile and 0.1% aqueous TFA, 

10 and lyophilized to give the product as a white powder. 1 H NMR 

(CD30D f 300 MHz) 5 0.90 (d, 6H, J=6Hz), 1.5-1.7 (m, 3H), 2.50 (s, 3H) f 
3.28 (s, 3H), 3.3-3.45 (m, 2H), 4.67 (dd, 1H, J=6Hz f 9Hz), 5.43 (t, 1H, J - 
6Hz), 6.84 (s, 1H), 6.89 (dt, 1H, J=1Hz t 8Hz), 7.04 (dt, 1H, J=1Hz,8Hz), 
7.13-7.27 (m, 4H), 7.45 (dd, 1H. J«1Hz,8Hz) f 7.90 (s, 1H), 8.19 (dd, 1H, 
15 J=1Hz,7Hz). MS (FAB/NBA) m/e 556 (m+H)+ 578 (M+Na)+ Anal calcd 
tor C31H33N5O5 • 1.2 TFA: C, 57.94; H, 4.98; N, 10.1 1 . Found: C, 58.05; 
H, 4.94; N, 10.24. 



20 

As an indication that the compounds described herein act 
through binding to endothelin receptors, the compounds have been 
evaluated for their ability to bind to the endothelin receptor. 

25 Binding Assay 

ETa Receptor 

Preparation of membranes from mmq ceils: 

MMQ [MacLeod/MacQueen/Login cell line (prolactin secreting rat 
pituitary cells which are known to contain ETa receptors)] cells from 150 
30 ml culture flasks were collected by certtrifugation (1 OOOxg for 1 0 min) 
and then homogenized in 25 ml of 10 mM Hepes (pH 7.4) containing 
0.25 M sucrose and protease inhibitors [3 mM EDTA , 0.1 mM PMSF, 
and 5 iig/ml Pepstatin A] by a micro ultrasonic cell disruptor (Kontes). 
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The mixture was centrifuged at 1000xg for 10 min. The supernatant was 
collected and centrifuged at 60,000xg for 60 min. The precipitate was 
resuspended in 20 mM Tris, pH 7.4 containing the above protease 
inhibitors and centrifuged again. The final pellet was resuspended in 20 
5 mM Tris, pH 7.4 containing protease inhibitors and stored at -80 °C until 
used. Protein content was determined by the Bio-Rad dye-binding 
protein assay. 

pgsqFM binding to membranes: 

Binding assays were performed in 96-well microtiter plates 

10 pretreated with 0.1% BSA. Membranes prepared from cells were 

diluted -100 fold in Buffer B (20 mM Tris, 100 mM NaCI, 10 mM MgCI 2 , 
pH 7.4, with 0.2% BSA, 0.1 mM PMSF, 5 jig/ml Pepstatin A, 0.025% 
bacitracin, and 3 mM EDTA) to a final concentration of 0.2 mg/mL of 
protein. In competition studies, membranes (0.02 mg) were incubated 

15 with 0.1 nM of p2S|]ET-1 in Buffer B (final volume: 0.2 mL) in the 

presence of increasing concentrations of unlabeled ET-1, BQ123, or 
FR1 39317 (reference compounds) or other tested compounds for 4 
hours at 25 °C. After incubation, unbound iigands were separated from 
bound Iigands by a vacuum filtration method using glass-fiber filter strips 

20 in PHD cell harvesters (Cambridge Technology, Inc., MA), followed by 
washing the filter strips with saline (1 mL) for three times. Nonspecific 
binding was determined in the presence of 1 nM ET-1 . The data are 
shown in Table 1 . The per cent inhibition at a concentration of 1 is 
shown. The data show that the compounds of the invention bind to the 

25 endothelin receptor. 
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Table 1 
Binding Data 
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Ex. No. 


% Inhibition 


Ex. No. 


% Inhibition 
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As further demonstration of the efficacy of the described 
compounds as functional antagonists of endothelin, the ability of the 
described compounds to inhibit Et-1 -induced phosphatidyl! nositol 
hydrolysis was measured. 

5 

Determination of Phosphatidvlinositol (P\) Hydrolysis 
MMQ cells (0.4 x 106 cells/mL) were labeled with 10 iiCi/mL of 
pHJmyo-inositol in RPMI for 16 hours. The cells were washed with PBS, 
then incubated with Buffer A containing protease inhibitors and 10 mM 

10 LiCI for 60 minutes. The ceils were then incubated with test compounds 
for 5 minutes, and then challenged with 1 nM ET-1. ET-1 challenge was 
terminated by the addition of 1 .5 mL of 1 2 (v/v) chloroform-methanol. 
Total inositol phosphates were extracted after adding chloroform and 
water to give final proportions of 1 :1 :0.9 (v/v/v) chloroform-methanol- 

15 water of as described by Berridge (Biochem. J. 2Q£ 587-595 (1 982)). 
The upper aqueous phase (1 mL) was retained and a small portion (100 
jiL) was counted. The rest of the aqueous sample was analyzed by 
batch chromatography using anion-exchange resin AG1-X8 (Bio-Rad). 
The IC50 is the concentration of test compound required to inhibit the 

20 ET-induced increase in PI turnover by 50%. The data are shown in 
Table 2. The results of the above study clearly indicate that the 
compounds act as functional ET antagonists. 
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Table 2 

Phosphatidylinositol Hydrolysis 



Example 


ICsonM 




27F 


4.1 


- 




28 


16 






29 


36 






32 


8 6 






34 


43 






35 


47 






36 


0.9 






43B 


1.3 






44 


4.6 






93 


4.9 






94 


4.2 






109 


3.6 






110 


2.6 






111 


0.9 






114B 


11 






119 


37 






125B 


53 





As further demonstration of the efficacy of the described 
5 compounds as functional antagonists of endothelin, the ability of the 
described compounds to inhibit ET-1 -induced constriction of vascular 
tissues was measured. 

Functional Assay r ET-1 induced Vasoconstriction 
10 Male New Zealand white rabbits (2.2-2.8 kg) were gassed with 

CO2 until anesthetized and exsanguinated. The thoracic aorta or 
femoral artery was quickly removed and placed in a Krebs-Henseleit 
(KH) buffer gassed with 95/5 O2/CO2 to maintain pH at 7.4. The vessel 
was cleared of extraneous tissue, denuded of it's endothelium and 
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segmented into 4-5 mm wide rings which were suspended in 2 ml 
jacketed tissue baths maintained at 37 °C. Tissue baths had been 
siliconized to prevent adsorption of peptide to glass. Tissues were 
attached via gold chain to an isometric force transducer linked with a 
physiograph for monitoring tension changes. Baseline tension was set 
at 2.0 g (aorta) or 0.5 g (femoral artery) and the tissues allowed to 
equilibrate for 3 hrs. During this period, the tissues were washed every 
15 minutes with fresh KH and the tension continually adjusted to 
baseline. Thirty minutes into the equilibration period, endothelial 
denudation of the vessels was confirmed by the lack of relaxation by 
acetylcholine (3 mM) of constriction by norepinephrine (1 \iM). 

Endothelin Dose-Response Curves (PRCs!: 

ET DRCs, 1E-12 to 1E-6 M, were performed establishing 
compound potency. Endothelin efficacy was measured against K+ (55 
mM) depolarization/constriction of the vessels at completion of the ET 
curves. Control ET-1 curves were performed along side ET-1 curves of 
tissues pretreated with ET antagonist. Vessel sets compared were from 
the same animal and thus, paired for analysis purposes. 

Pretreatment Effects on Endothelin Responses: Pretreatment 
compounds (antagonists) were equilibrated 20 minutes prior to ET-1 
DRCs. 

Drug Potency Determination and Statis tical Analysis: Data were 
compiled from individual experiments and means ± S.E calculated. 
Control and antagonist treated curves were normalized and EC50S for 
ET-1 contraction were calculated from logistically (non-linear 
regression) fitted curves generated by AM software. EC50 is the 
concentration of ET-1 necessary to cause 50% of the maximum 
constriction possible for the tissue rings. 

The results from one compound are shown* in Table 3. 
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Table 3 


Example 


Dose 


EC50 nM 


Control 


No drug 


3.1 


1 


10 uM 


25.1 



The data shows that in the presence of no drug, it takes 3 nM 
endothelin-1 to cause 50% of the maximum constriction of the tissue 
5 rings. In the presence of 1 0 nM of the product of Example 1 , it takes a 
greater amount of endothelin-1 (the EC50 for endothelin-1 is shifted from 
3.1 nM to 25.1 nM) to cause 50% maximal constriction, indicating that 
the product of Example 1 is an endothelin antagonist. 

10 The ability of the compounds of the invention to lower blood 

pressure can be demonstrated according to the methods described in 

Matsumura, et al., Eur. J. Pharmacol. 185 103 (1990) and Takata, et a!., 

Clin. Exp. Pharmacol. Physiol. Ifi 131 (1983). 

The ability of the compounds of the invention to treat congestive 
15 heart failure can be demonstrated according to the method described in 

Margulies, et al., Circulation £2 2226 (1990). 

The ability of the compounds of the invention to treat myocardial 

ischemia can be demonstrated according to the method described in 

Watanabe, et al., Cira Res. S2 370 (1991). 
20 The ability of the compounds of the invention to treat coronary 

angina can be demonstrated according to the method described in 

Heistad, et al., Circ. Res. 54 71 1 (1 984). 

The ability of the compounds of the invention to treat cerebral 

vasospasm can be demonstrated according to the methods described in 
25 Nakagomi, et al., J. Neurosurg. fifi 91 5 (1987) or Matsumura, et al., Life 

Sd.4S 841-848 (1991). 

The ability of the compounds of the invention to treat cerebral 

ischemia can be demonstrated according to the method described in 

Hara et al., Eur. J. Pharmacol. 122: 75-82, (1 991). 
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The ability of the compounds of the invention to treat acute renal 
failure can be demonstrated according to the method described in Kon, 
et al. , J. Clin. Invest. £3 1 762 (1 989). 

The ability of the compounds of the invention to treat chronic 
5 renal failure can be demonstrated according to the method described in 
Benigni, et ah, Kidney Int. 44 440-444 (1993). 

The ability of the compounds of the invention to treat gastric 
ulceration can be demonstrated according to the method described in 
Wallace, et al. y Am. J. Physiol. 255 G661 (1 989). 
10 The ability of the compounds of the invention to treat cyclosporin- 

induced nephrotoxicity can be demonstrated according to the method 
described in Kon, et al., Kidney Int. 22 1487 (1 990), 

The ability of the compounds of the invention to treat endotoxin- 
induced toxicity (shock) can be demonstrated according to the method 
15 described In Takahashi, et al., Clinical Sd. Z2 61 9 (1 990). 

The ability of the compounds of the invention to treat asthma can 
be demonstrated according to the method described in Potvin and 
Varma, Can. J. Physiol, and Pharmacol. £7 1213 (1989). 

The ability of the compounds of the invention to treat transplant- 
20 induced atherosclerosis can be demonstrated according to the method 
described in Foegh, et al., Atherosclerosis 2fi 229-236 (1989). 

The ability of the compounds of the invention to treat 
atherosclerosis can be demonstrated according to the methods 
described in Bobik, et al., Am. J. Physiol. 258 C408 (1990) and/or 
25 Chobanian, et al., Hypertension 15 327 (1 990). 

The ability of the compounds of the invention to treat LPL-related 
lipoprotein disorders can be demonstrated according to the method 
described in Ishida, et al., Biochem. Pharmacol. 44 1431-1436 (1992). 
The ability of the compounds of the invention to treat pulmonary 
30 hypertension can be demonstrated according to the methods described 
in Miyauchi, et al., Circ. Res. Z3 887 (1993). 
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The ability of the compounds of the invention to treat cardiac 
hypertrophy can be demonstrated according to the methods described 
in Ito, et aL, Circulation fi£ 2198 (1994). 

The ability of the compounds of the invention to treat neointimal 
5 formation (restenosis) can be demonstrated according to the methods 
described in Douglas, et aL, Circ. Res. 25 190 (1994). 

The ability of the compounds of the invention to treat proliferative 
diseases can be demonstrated according to the methods described in 
Bunchman ET and CA Brookshire, Transplantation Proceed. 22 967- 
10 968 (1991); Yamagishi, et aL, Biochem. Biophys. Res. Comm. 1S1 840- 
846 (1993); and/or Shichiri, et aL, J. Clin. Invest. fiZ 1867-1871 (1991). 
Proliferative diseases include smooth muscle proliferation, systemic 
sclerosis, cirrhosis of the liver, adult respiratory distress syndrome, 
idiopathic cardiomyopathy, lupus erythematosus, diabetic retinopathy or 
15 other retinopathies, psoriasis, scleroderma or prostatic hyperplasia 

The compounds of the present invention can be used in the form 
of salts derived from inorganic or organic acids. These salts include but 
are not limited to the following: acetate, adipate, alginate, citrate, 
aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, 
20 camphorsulfonate, digluconate, cyclopentanepropionate, 

dodecylsulfate, ethanesulfonate, glucoheptanoate, glycerophosphate, 
hemisuKate, heptanoate, hexanoate, fumarate, hydrochloride, 
hydrobromide, hydroiodide, 

2- hydroxy-ethanesulfonate, lactate, maleate, methanesulfonate, 
25 nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate, 

persulfate, 

3- phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, 
thiocyanate, p-toiuenesulfonate and undecanoate. Also, the basic 
nitrogen-containing groups can be quaternized with such agents as 

30 loweralkyl halides, such as methyl, ethyl, propyl, and butyl chloride, 

bromides, and iodides; dialkyl sulfates like dimethyl, diethyl, dibutyl, and 
diamyl sulfates, long chain halides such as decyl, lauryl, myristyl and 
stearyl chlorides, bromides and iodides, aralkyl halides like benzyl and 



* 
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phenethyl bromides, and others. Water or oil-soluble or dispersible 
products are thereby obtained. 

Examples of adds which may be employed to form 
pharmaceutical^ acceptable acid addition salts include such inorganic 
5 acids as hydrochloric acid, sulphuric acid and phosphoric acid and such 
organic adds as oxalic add, maleic add, sucdnic add and citric add. 
Basic addition salts can be prepared in situ during the final isolation 
and purification of the compounds of formula (I), or separately by 
reacting the carboxylic add function with a suitable base such as the 

10 hydroxide, carbonate or bicarbonate of a pharmaceutical^ acceptable 
metal cation or with ammonia, or an organic primary, secondary or 
tertiary amine. Pharmaceutical^ acceptable salts include, but are not 
limited to, cations based on the alkali and alkaline earth metals, such as 
sodium, lithium, potassium, caldum, magnesium, aluminum salts and 

15 the like, as well as nontoxic ammonium, quaternary ammonium, and 
amine cations, including, but not limited to ammonium, 
tetramethylammonium, tetraethylammonium, methylamine, 
dimethylamine, trimethylamine, triethylamine, ethylamine, and the like. 
Other representative organic amines useful for the formation of base 

20 addition salts indude diethylamtne, ethylenediamine, ethanolamine, 
diethanolamine, piperazine and the like. 

The compounds of the invention are useful for antagonizing 
endothelin in a human or other mammal. In addition, the compounds of 
the present invention are useful (in a human or other mammal) for the 

25 treatment of hypertension, pulmonary hypertension, Raynaud's disease, 
congestive heart failure, myocardial ischemia, reperfusion injury, 
coronary angina, cerebral ischemia, cerebral vasospasm, chronic or 
acute renal failure, pre-eclampsia (pregnancy-induced hypertension), 
non-steroidal antiinflammatory drug induced gastric ulceration, 

30 immunosuppressant (for example, cyclosporin or FK 506) induced 
nephrotoxicity, endotoxin-induced toxicity, asthma, fibrotic or 
proliferative diseases, including smooth muscle proliferation, systemic 
sclerosis, cirrhosis of the liver, adult respiratory distress syndrome, 
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idiopathic cardiomyopathy, lupus erythematosus, diabetic retinopathy or 
other retinopathies, psoriasis, scleroderma, prostatic hyperplasia, 
bladder dysfunction (for example, incontinence), cardiac hyperplasia, 
restenosis following arterial injury or other pathologic stenosis of blood 

5 vessels, LPL-related lipoprotein disorders, transplantation-induced 
atherosclerosis or atherosclerosis in general. 

Total daily dose administered to a host in single or divided doses 
may be in amounts, for example, from 0.001 to 1000 mg/kg body weight 
daily and more usually 0.1 to 100 mg/kg for oral administration or 0.01 to 

10 10 mg/kg for parenteral administration. Dosage unit compositions may 
contain such amounts of submultiples thereof to make up the daily dose. 

The amount of active ingredient that may be combined with the 
carrier materials to produce a single dosage form will vary depending 
upon the host treated and the particular mode of administration. 

15 it will be understood, however, that the specific dose level for any 

particular patient will depend upon a variety of factors including the 
activity of the specific compound employed, the age, body weight, 
general health, sex, diet, time of administration, route of administration, 
rate of excretion, drug combination, and the severity of the particular 

20 disease undergoing therapy. 

The compounds of the present invention may be administered 
orally, parenteralfy, sublingually, by inhalation spray, rectally, or 
topically in dosage unit formulations containing conventional nontoxic 
pharmaceutical^ acceptable carriers, adjuvants, and vehicles as 

25 desired. Topical administration may also involve the use of transdermal 
administration such as transdermal patches or iontophoresis devices. 
The term parenteral as used herein includes subcutaneous injections, 
intravenous, intramuscular, intrastemal injection, or infusion techniques. 
Injectable preparations, for example, sterile injectable aqueous or 

30 oleagenous suspensions may be formulated according to the known art 

using suitable dispersing or wetting agents and suspending agents. ' 
The sterile injectable preparation may also be a sterile injectable 
solution or suspension in a nontoxic parenterally acceptable diluent or 
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solvent, for example, as a solution in 1 ,3-propanediol. Among the 
acceptable vehicles and solvents that may be employed are water, 
Ringer's solution, and isotonic sodium chloride solution. In addition, 
sterile, fixed oils are conventionally employed as a solvent or 
5 suspending medium. For this purpose any bland fixed oil may be 
employed including synthetic mono- or diglycerides. In addition, fatty 
acids such as oleic acid find use in the preparation of injectables. 

Suppositories for rectal administration of the drug can be 
prepared by mixing the drug with a suitable nonirritating excipient such 

10 as cocoa butter and polyethylene glycols which are solid at ordinary 
temperatures but liquid at the rectal temperature and will therefore melt 
in the rectum and release the drug. 

Solid dosage forms for oral administration may include capsules, 
tablets, pills, powders, and granules. In such solid dosage forms, the 

15 active compound may be admixed with at least one inert diluent such as 
sucrose lactose or starch. Such dosage forms may also comprise, as is 
normal practice, additional substances other than inert diluents, e.g., 
lubricating agents such as magnesium stearate. In the case of 
capsules, tablets, and pills, the dosage forms may also comprise 

20 buffering agents. Tablets and pills can additionally be prepared with 
enteric coatings. 

Liquid dosage forms for oral administration may include 
pharmaceutical^ acceptable emulsions, solutions, suspensions, syrups, 
and elixirs containing inert diluents commonly used in the art, such as 

25 water. Such compositions may also comprise adjuvants, such as 
wetting agents, emulsifying and suspending agents, and sweetening, 
flavoring, and perfuming agents. 

The compounds of the present invention can also be 
administered in the form of liposomes. As is known in the art, liposomes 

30 are generally derived from phospholipids or other lipid substances. 
Liposomes are formed by mono- or multi-lamellar hydrated liquid 
crystals that are dispersed in an aqueous medium. Any non-toxic, 
physiologically aceptable and metabolizable lipid capabale of forming 
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liposomes can be used. The present compositions in liposome form can 
contain, in addition to a compound of the present invention, stabilizers, 
preservatives, exctpients, and the Gke. The preferred lipids are the 
phospholipids and phosphatidyl cholines (lecithins), both natural and 
5 synthetic. 

Methods to form liposomes are known in the art. See, for 
example, Prescott, Ed., Methods in Cell Biology. Volume XIV, Academic 
Press, New York, N.Y. (1 976), p. 33 et seq. 

While the compounds of the invention can be administered as the 

10 sole active pharmaceutical agent, they can also be used in combination 
with one or more cardiovascular agents independently selected from 
diuretics, adrenergic blocking agents, vasodilators, calcium channel 
blockers, renin inhibitors, angiotensin converting enzyme (ACE) 
inhibitors, angiotensin II antagonists, potassium channel activators and 

15 other cardiovascular agents. 

Representative diuretics include hydrochlorothiazide, 
chlorothiazide, acetazolamide, amiloride, bumetanide, benzthiazide, 
ethacrynic acid, furosemide, indacrinone, metolazone, spironolactone, 
triamterene, chlorthalidone and the like or a pharmaceutical ly acceptable 

20 salt thereof. 

Representative adrenergic blocking agents include phentolamine, 
phenoxybenzamine, prazosin, terazosin, tolazine, atenolol, metoprolol, 
nadolol, propranolol, timolol, carteolol and the like or a pharmaceutical^ 
acceptable salt thereof. 

25 Representative vasodilators include hydralazine, minoxidil, 

diazoxide, nitroprusside and the like or a pharmaceutical^ acceptable 
salt thereof. 

Representative calcium channel blockers include amrinone, 
bencyclane, diltiazem, fendiline, flunarizine, nicardipine, nimodipine, 
30 perhexilene, verapamil, gallopamil, nifedipine and the like or a 
pharmaceutically acceptable salt thereof. 
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Representative renin inhibitors include enalkiren, 
RO 42-5892, PD-1 34672 and the like or a pharmaceutical^ acceptable 
salt thereof. 

Representative angiotensin II antagonists include 
5 DUP 753 and the Oke. 

Representative ACE inhibitors include captopril, enalapril, 
lisinopril and the like or a pharmaceutical^ acceptable salt thereof. 

Representative potassium channel activators include pinaddil and 
the like or a pharmabeutically acceptable salt thereof. 
10 Other representative cardiovascular agents include sympatholytic 

agents such as methyldopa, clonidine, guanabenz, reserpine and the 
like or a pharmaceutical^ acceptable salt thereof. 

The compounds of the invention and the antihypertensive agent 
can be administered at the recommended maximum clinical dosage or 
15 at lower doses. Dosage levels of the active compounds in the 

compositions of the invention may be varied so as to obtain a desired 
therapeutic response depending on the route of administration, severity 
of the disease and the response of the patient. The combination can be 
administered as separate compositions or as a single dosage form 
20 containing both agents. 

When administered as a combination, the therapeutic agents can 
be formulated as separate compositions which are given at the same 
time or different times, or the therapeutic agents can be given as a 
single composition. 

25 

The foregoing is merely illustrative of the invention and is not 
intended to limit the invention to the disclosed compounds, processes, 
compositions and methods. Variations and changes which are obvious 
to one skilled in the art are intended to be within the scope and nature of 
30 the invention which are defined in the appended claims. 
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CLAIMS 



What is claimed is: 



1. 



A compound of the formula: 




wherein m is 0, 1 or 2; 

X is -N(R2)% -O- or -S-, wherein R2 is hydrogen, loweralkyl, arylalkyl or 

(heterocyclic)alkyl; 

Qis (1) R r A-N(B)- wherein 



Ais-C(0)-or-S(0) 2 -; 

R1 is loweralkyl, cycloalkyl, cycloalkylalkyl, arylalkyl, aryl, 
alkoxy, arylalkoxy, cycloalkoxy, cycloalkylalkoxy, 
aryloxy, alkylamino, cycloalkylamino, arylamino, 
cycloalkylalkylamino, arylalkylamino, dialkylamino, 
diary lamino, (alkyl)cycloalkylamino, 
(alkyl)arylamino, (alkyl)cycloalkylalkylamino, 
(alkyl)arylalkylamino, heterocyclic, 
(heterocyclic)alkyl, (heterocyclic)amino, 
spirocarbocyclic or spiroheterocyclic; and 

B is hydrogen or loweralkyl; or 



loweralkyl, cycloalkyl, cycloalkylalkyl, arylalkyl, aryl, 
heterocyclic, (heterocyclic)alkyl, spirocarbocyclic or 
spiroheterocyclic, and r is 2 to 4; 




wherein A is as defined above and R20 is 



11/28/06, EAST Version: 2.1.0.14 



WO 95/08550 



PCT/DS94/10049 



-177- 

E is loweralkyl optionally substituted with one, two or three substituents 
25 independently selected from cyano, halo, hydroxy, alkoxy, amino, 

alkylamino, dialkylamino, thioalkoxy and azido; 
G is hydrogen or loweralkyl; 

E is loweralkyl optionally substituted with one, two or three substituents 
independently selected from cyano, halo, hydoxy, alkoxy, amino, 
30 alkylamino, dialkylamino, thioalkoxy and azido; 

Ar is bicyclic aryl or bicyclic heteroaryl; and 
Y and Z are independently selected from the group consisting of 

(1) hydrogen; 

(2) loweralkyl; 

35 (3) loweralkyl substituted with one, two or three groups 

independently selected from cyano, hydroxy, alkoxy, 
amino, alkylamino, dialkylamino, azido, thioalkoxy, 
and halo; 
(4) cycloalkyl; 

40 (5) (cycloalkyl)alkyl; 

(6) aryl; 

(7) arylalkyl; 

(8) a radical of the formula -(CH 2 )n-C(0)-W wherein W is 

-OR10, wherein Rio is hydrogen or a carboxy 
45 protecting group, amino, alkylamino, dialkylamino, 

hydroxyamino, N-hydroxyl-N-alkylamino or a 
naturally occurring ot-amino acid wherein the 
amino acid is bonded through the a-amino group; 

(9) a radical of the formula -(CH2)n-V wherein V is 

50 (a) -S(0)2NHC(0)Ri6 wherein Ri 6 is loweralkyl, haloalkyl, 

or phenyl, 

(b) -PQ3H2. 

(c) -P(0)(OH)E wherein E is hydrogen, loweralkyl or 

arylalkyl, 
55 (d) -CN, 

(e) -C(0)NHRi 7 wherein R1 7 is loweralkyl, 
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(f) alkylaminocarbonyl, 

(g) dialkylaminocarbonyl, 

(h) tetrazolyl, 
(I) hydroxy, 
0) alkoxy, 

(k) sulfonamide, 

(I) -C(0)NHS(0)2Ri6 wherein Ri6 is defined as above, 




(m) 



o 




o 



OH 




O 





N 



(q) 



o 
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^ A— NHSO2CF3 



and 



(1 0) -(CH 2 )n-NHS(0)2R6 wherein R 6 is loweralkyl or haloalkyl 
and wherein at each occurrence n as used above is 
independently selected from 0, 1 or 2; 



75 with the proviso that at least one of Y and Z is a radical of the formula 

-(CH 2 ) n -C(0)-W, -(CH 2 ) n -(tetrazolyl) or -(CH 2 ) n -NHS(0) 2 R 6 
wherein n, W and R6 are defined as above; 
or a pharmaceutical^ acceptable salt thereof. 

2. A compound according to Claim 1 wherein 
Qis Ri-C(0)-N(B)-; 
Yis 

(1) hydrogen; 
5 (2) loweralkyl; 

(3) loweralkyl substituted with one, two or three substituents 



independently selected from the group consisting of 
cyano, hydroxy, alkoxy, amino, alkylamino, 
dialkylamino, thioalkoxy, and halo; 



10 



(4) 
(5) 
(6) 
(7) 
(8) 



cycloalkyl; 

(cycloalkyi)alkyl; 

aryl; 

arylalkyl or 



a radical of the formula -(CH 2 ) n -C(0)-W wherein W is 
-OR10 wherein R10 is hydrogen or a carboxy 
protecting group; and 



15 



Zis 



(D 



a radical of the formula -(CH 2 ) n -C(0)-W wherein W is 
-OR10, wherein R10 is hydrogen or a carboxy 
protecting group, amino, alkylamino, dialkylamino, 
hydroxyamino, N-hydroxyl-N-alkylamino and a 



20 
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naturally occurring a-amino acid wherein the 
amino acid is bonded through the a-amino group; 
(2) -(CH 2 ) n -(tetrazolyl) or 
25 (3) -(CH 2 )rrNHS(0)2R6 wherein R 6 is loweralkyl or haloalkyl 

and at each occurrence n as used above is 
independently selected from 0, 1 or 2; or 
Qis RrC(0)-N(B)-; 
Yis 

30 (1 ) a radical of the formula -(CH 2 ) n -C(0)-W wherein W is 

-OR10, wherein Rio is hydrogen or a carboxy 
protecting group, amino, alkylamino, dialkylamino, 
hydroxyamino, N-hydroxyl-N-alkylamino or a 
naturally occurring a-amino acid wherein the 

35 amino acid is bonded through the a-amino group; 

(2) -(CH 2 )rr(tetrazolyl) or 

(3) -(CH^rrNHSfOfeRe wherein R6 is loweralkyl or haloalkyl; 
and 

Zis 

40 (1) hydrogen; 

(2) loweralkyl; 

(3) loweralkyl substituted with one, two or three substituents 

independently selected from the group consisting of 
cyano, hydroxy, alkoxy, amino, alkylamino, 
45 dialkylamino, thioalkoxy, and halo; 

(4) cycloalkyl; 

(5) (cycloalkyl)alkyl; 

(6) aryl; 

(7) arylalkyl or 

50 (8) a radical of the formula -(CH 2 ) n -C(0)-W wherein W is 

-OR10 wherein Rio is hydrogen or a carboxy 
protecting group and at each occurrence n as used 
above is independently selected from 0, 1 or 2; 



11/28/06, EAST Version: 2.1.0.14 



WO 95/08550 



PCT/US94/10049 



-181- 

or a pharmaceutically acceptable salt thereof. 

3. A compound according to Claim 1 wherein 
Q is Ri-C(0)-N(B)- wherein Ri is loweralkyl, (alkyl)<ycloalkylamino, 
cycloalkoxy, arylamino, (alkyl)arylamino, diarylamino, cycloalkyl, 
cycloalkylalkyl, arylalkyl, arylalkoxy, cycloalkylalkylamino, 
cycloalkylamino, alkoxy, arylalkylamino, dialkylamino, 
spiroheterocyclic or heterocyclic, and B is hydrogen or methyl; 
E is isobutyl; 
G is hydrogen; 




Ar is H wherein R is hydrogen or methyl; 

Y is hydrogen, arylalkyl, haloalkyl, loweralkyl, aryi or cycloalkyl; 

Z is a radical of the formula -(CH2) n -CO-W t wherein W is -OR10, wherein 
Rio is hydrogen or a carboxy protecting group, alkylamino, 
hydroxyamino or a naturally occurring a-amino acid wherein the 
amino acid is bonded through the a-amino group or 
~(CH2)rr(tetrazolyl) wherein n as used above is 0 or 1 ; 

mis Oorl; and 

X is -N(R2h -O- or -S- wherein R2 is hydrogen or loweralkyl; 
or a pharmaceutically acceptable salt thereof. 

4. A compound according to Claim 1 wherein 
Qis Ri-C(0)-N(B)- wherein R1 is cycloalkylamino, arylamino, arylalkyl, 
spiroheterocyclic, heterocyclic, (alkyl)arylamino, cycloalkoxy, 
or (alkyl)cycloalkylamino and B is hydrogen or methyl; 
E is isobutyl; 
G is hydrogen; 
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Ar is R wherein R is hydrogen or methyl; 

m is 0; 

Xis -NH-or-O-; 

Y is loweralkyl; and 

Z is -CO2H; 

or a pharmaceutical^ acceptable salt thereof. 

■ 

5. A compound of the formula: 




wherein m is 0,1 or 2; 

X is -N(R2)-, -O- or -S-, wherein R2 is hydrogen, loweralkyl, arylalkyl or 

(heterocyclic)alkyl; 

Qis (1) R r A-N(B)- wherein 

Ais-C(0)- or-S(0)2S 

R1 is loweralkyl, cycfoalkyl, cycloalkylalkyl, arylalkyl, aryl, 
alkoxy, arylalkoxy, cycloalkoxy, cycloalkylalkoxy, 
aryloxy, alkylamlno, cycloalkylamino, arylamino, 
cycloalkylalkylamino, arylalkylamino, dialkylamino, 
diarylamino, (alkyl)cycloalkylamino, 
(alkyl)arylamino, (alkyl)cycloalkylalkylamino, 
(alkyl)arylalkylamino, heterocyclic, 
(heterocyclic)alkyl, (heterocyclic)amino, 
spirocarbocyclic or spiroheterocyclic; and 

B is hydrogen or loweralkyl; or 
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R2 ° N""V 
\ / * 

20 (2) 1°*™ wherein A is as defined above and R20 is 

Ioweralkyl, cycloalkyl, cycloalkylalkyl, arylalkyl, aryl, 

■ 

heterocyclic, (heterocyclic)alkyl, spirocarbocyclic or 
spiroheterocyclic, and r is 2 to 4; 
G is hydrogen or ioweralkyl; 
25 E is Ioweralkyl optionally substituted with one, two or three substituents 

independently selected from the group consisting of cyano, halo, 
hydoxy, alkoxy, amino, alkylamino, dialkylamino, thioalkoxy and 
azido; 

Ar is bicyclic ary) or bicyclic heteroaryl; 
30 Y and Z are independently selected from the group consisting of 

(1) hydrogen; 

(2) Ioweralkyl; 

(3) Ioweralkyl substituted with one, two or three groups 

independently selected from the group consisting of 
35 cyano, hydroxy, alkoxy, amino, alkylamino, 

dialkylamino, azido, thioalkoxy, and halo; 

(4) cycloalkyl; 

(5) (cycloalkyl)alkyl; 

(6) aryl; 

40 (7) arylalkyl; 

(8) a radical of the formula -(CH2) n -C(0)-W wherein W is 

-OR10, wherein R10 is hydrogen or a carboxy 
protecting group, amino, alkylamino, dialkylamino, 
hydroxyamino, N-hydroxyl-N-alkylamino or a 
45 naturally occurring a-amino acid wherein the 

amino acid is bonded through the a-amino group; 

(9) a radical of the formula -(CH2)n-V wherein V is 

(a) -S(0)2NHC(0)Ri6 wherein Ri 6 is Ioweralkyl, haloalkyl, 
or phenyl, 
50 (b)-P0 3 H 2 , 
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(c) -P(0)(OH)E wherein E is hydrogen, loweralkyl or 

arylalkyl, 

(d) -CN, 

(e) -C(0)NHRi7 wherein R17 is loweralkyl, 

(f) alkylaminocarbonyl, 

(g) dialkylaminocarbonyl, 

(h) tetrazolyl, 
0) hydroxy, 
0) alkoxy, 

(k) sulfonamido, 

(I) -C(0)NHS(0) 2 Ri6 wherein R 16 is defined as above, 




(m) 



o 




OH 




O 




(P) 



o 




(q) 



o 
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(r) 



H 
N 



CF 3 



jo- 

(s) H . or 



NHSQ2CF 3 

0) * * ; and 

70 (1 0) -(CH 2 )n-NHS(0) 2 R6 wherein R 6 is loweralkyl or haloalkyl 

and wherein at each occurrence n as used above is 
independently selected from 0, 1 or 2; 
with the proviso that one of Y and Z is a radical of the formula 
-(CH 2 ) n -C(0)-W, -(CH2) n -(tetrazolyl) or -(CH 2 ) n -NHS(0) 2 R 6 
75 wherein n t W and R6 are defined as above; 

or a pharmaceutical^ acceptable salt thereof. 

6. A compound according to Claim 5 wherein 
Qis Ri-C(0)-N(B)-; 
Yis 

(1) hydrogen; 
5 (2) loweralkyl; 

(3) loweralkyl substituted with one, two or three substituents 

independently selected from the group consisting of 
cyano, hydroxy, alkoxy, amino, alkylamino, 
dialkylamino, thioalkoxy, and halo; 
10 (4) cycloalkyl; 

(5) (cycloalkyl)alkyl; 

(6) aryl; 

(7) arylalkyl or 

(8) a radical of the formula -(CH 2 ) n -C(0)-W wherein W is 
t5 -OR10 wherein Rio is hydrogen or a carboxy 

protecting group; and 
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Zis 

(1 ) a radical of the formula -(CH 2 ) n -C(0)-W wherein W is 

-OR10, wherein R10 is hydrogen or a carboxy 
20 protecting group, amino, alkylamino, dialkylamino, 

hydroxyamino, N-hydroxyl-N-alkylamino and a 
naturally occurring a-amino acid wherein the amino 
acid is bonded through the a-amino group; 

(2) -(CH 2 ) n -(tetrazolyl) or 

25 (3) -(CH2)n-NHS(0)2R6 wherein R6 is loweralkyl or haloalkyl 

and n as used above is 0, 1 or 2; or 
Qis Ri-C(0)-N(B)-; 
Yis 

(1 ) a radical of the formula -(CH 2 ) n -C(0)-W wherein W is 
30 -ORio» wherein Rio is hydrogen or a carboxy 

protecting group, amino, alkylamino, dialkylamino, 
hydroxyamino, N-hydroxyl-N-alkylamino or a 
naturally occurring a-amino acid wherein the 
amino acid is bonded through the a-amino group; 
35 (2) -(CH2)n-(tetrazolyl) or 

(3) -(CH2)n-NHS(0)2R6 wherein R6 is loweralkyl or haloalkyl 

and n as used above is 0, 1 or 2; and 

Zis 

(1) hydrogen; 

* 

40 (2) loweralkyl; 

(3) loweralkyl substituted with one, two or three substituents 

independently selected from the group consisting of 
cyano, hydroxy, alkoxy, amino, alkylamino, 
dialkylamino, thioalkoxy, and halo; 

45 (4) cycloalkyl; 

(5) (cycloalkyl)alkyl; 

(6) aryl; 

(7) arylalkyl or 
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(8) a radical of the formula -(CH2)n-C(0)-W wherein W is 

-OR10 wherein Rio is hydrogen or a carboxy 
protecting group; 
or a pharmaceutical^ acceptable salt thereof. 

7. A compound according to Claim 5 wherein 
Q is Ri-C(0)-N(B)- wherein Ri is loweralkyl. (alkyl)cycloalkylamino, 
cycloalkoxy, arylamino, (alkyl)arylamino, diarylamino, cycloalkyl, 
cycloalkylalkyl, arylalkyl, arylalkoxy, cycloalkylalkylamino, 
cycloalkylamino, alkoxy, arylalkylamino, dialkylamino, 
spiroheterocyclic or heterocyclic, and B is hydrogen or methyl; 

E is isobutyl; 
G is hydrogen; 




\ 



Ar is R wherein R is hydrogen or methyl; 

Y is hydrogen, arylalkyl, haioalkyl, loweralkyl, aryl or cycloalkyl; 

Z is a radical of the formula -(CH2)n-CO-W f wherein W is -OR10, wherein 
Rio is hydrogen or a carboxy protecting group, alkylamino, 
hydroxyamino or a naturally occurring a-amino acid wherein the 
amino acid is bonded through the a-amino group or 
-(CH2)n-(tetrazolyl) wherein n as used above is 0 or 1 ; 

m is 0 or 1 ; and 

X is -N(R 2 )-, -O- or -S- wherein R2 is hydrogen or loweralkyl; 
or a pharmaceutical^ acceptable salt thereof. 

8. A compound according to Claim 5 wherein 
Q is Ri-C(0)-N(B)- wherein R1 is cycloalkylamino, arylamino, arylalkyl, 
spiroheterocyclic, heterocyclic, (alkyl)arylamino, cycloalkoxy, 
or (alkyl)cycloalkylamino and B is hydrogen or methyl; 
E is isobutyl; 
G is hydrogen; 
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Ar is H wherein R is hydrogen or methyl; 

m is 0; 

Xis -NH-or-O-; 

Y is loweralkyl; and 

Z is -C0 2 H; 

or a pharmaceutically acceptable salt thereof. 

9. A compound selected from the group consisting of: 

2-{(1 R)-1 -(N-(Cyclohexylaminbcarbonyl)-Leucyl-amino)-2-(indol-3- 

yl)ethyI}-5-methyl-imidazole-4-carboxylic add; 
2-{(1 R)-1 -(N-(Cyclohexylaminocarbonyl)-Leucyl-amino)-2-(1 -methyl- 

indol-3-yl)ethyl)-5-methyl-imidazole-4-carboxy!ic acid; 
2-{(1 R)-1 -(N-(endo-2-Norbornylaminocarbonyl)-Leucyl-amino)-2-(1 - 

methyWndol-3-yl)ethyl}-5-methyl-imidazole-4-carboxylic add; 
2-{(t R)-1 -(N-(exo-2-Norbornylaminocarbonyl)-Leucyl-amino)-2-(1 - 

methyl-indol-3-yl)ethyl}-5-methyl-imidazole-4-carboxylic acid; 
2-{(1 R)-1-((N-Cyclopentylaminocarbonyl)-Leucyl-amino)-2-(1 -methyl- 

indol-3-yl)ethyl)-5-methyl-imidazole-4-carboxyIic add; 
2-{(1 R)-1 -(N-(Phenylaminocarbonyl)-Leucyl-amino)-2-(1 -methyl-indol-3- 

yl)ethyl}-5-methyl-imidazole-4-carboxylic add; 
2-{(1 R)-1 -(N-(N-Cyclohexylaminocarbonyl-N-methyl-Leucyl)-amino)-2- 

(1 -methy Wndol-3-yl)ethyl]-5-methyl-imida2ole-4-carboxylic add; 
2-{(1 R)-1 -(N-(4-Methoxyphenylacetyl)-Leucyl-amino)-2-(indol-3- 

yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1R)-1-(N-(1-oxa-4-a2aspiro(5.4)decane-4-carbonyl)-Leucyl-amino)- 

2-(1 -methyWndol-3-yl)ethyl}-5-methyl-oxa2ole-4-carboxylic acid; 
2-{(1R)-1-(N-(1-lndolinylcarbonyl)-Leucyl-amino)-2-(1-methyl-indol-3- 

yl)ethyl}-5-methy k>xazole-4-carboxy lie acid ; 
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2-{(1R)-1-(N-(Decahydroquinolin-1-ylcarbonyI)-Leucyl-amino)-2-(1- 

methyl-indol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic add; 
2-{(1 R)-1 -(N-(1 f 23.4-Tetrahydroquinolin-1-ylcaitonyl)-Leucyl-amino)-2- 

(1 -methyl-indol-3-yl)ethyl}-5-methyl-oxa20le-4-carboxylic acid; 
2-{(1 R)-1 -(N-(N-Methyl-N-phenylaminocarbonyl)-Leucyl-amino)-2-(1 - 

methyl-indol-3-yl)ethyl)-5-methyl-oxa2ole-4-carboxylic acid; 
2-{(1 R)-1 -(N-(2-Hydroxypheny!aminocarbonyl)-Leucyl-amino)-2-(1 - 

methyWndol-3-yl)ethyl}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -(N-(Cyclohexyloxycarbonyl)-Leucyl-amino)*2-(1 -methyMndol- 

3-yl)ethyI}-5-methyl-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -(N-(N-Cyclohexylaminocarbonyl-N-methyl-Leucyl)-amino)-2- 

(1 -methyl-indol-3-yl)ethyl)-5-methyl-oxa2ole-4-carboxylic acid; 
2-{(1 R)-1 -(N-(Phenylaminocarbonyl)-Leucyl-amino)-2-(1 -methyl-indol-3- 

yl)ethyl)-5-methyi-oxazole-4-carboxylic acid; 
2-{(1 R)-1 -(N-(3-Fluorophenylaminocarbonyl)-Leucyl-amino)-2-(1 - 

methy(-indoi-3-yl)ethyI)-5-methyl-oxazole-4-carboxyiic acid; and 
2-{(1 R)-1-(N-(2-Fluorophenylaminocarbonyl)-Leucyl-amino)-2-(1 - 

methyl-indol-3-yl)ethyl)-5-methyl-oxa2ole-4-carboxylic acid; 

or a pharmaceutical^ acceptable salt thereof. 

10. A process for preparing the compound of Claim 1 
comprising reacting a compound of the formula: 



wherein Ar, G, X, Y f Z and m are as defined therein with a compound of 
the formula: 



G 




2 
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o 

10 

or an activated derivative thereof 
wherein Q and E are as defined in Claim 1 . 

11. A pharmaceutical composition for antagonizing endothelin 
comprising a therapeutically effective amount of the compound of Claim 
1 or 5 and a pharmaceutical^ acceptable carrier. 

12. A method for antagonizing endothelin comprising 
administering to a mammal in need of such treatment a therapeutically 
effective amount of a compound of Claim 1 or 5. 

13. A method for treating treating hypertension, pulmonary 
hypertension, congestive heart failure, restenosis following arterial 
injury, fibrotic diseases, cerebral vasospasm, cardiac hypertrophy, 
cerebral or myocardial ischemia or atherosclerosis comprising 

5 administering to a mammal in need of such treatment a therapeutically 
effective amount of a compound of Claim 1 or 5. 

14. A method for treating treating hypertension, pulmonary 
hypertension, congestive heart failure, restenosis following arterial 
injury, fibrotic diseases, cerebral vasospasm, cardiac hypertrophy, 
cerebral or myocardial ischemia or atherosclerosis comprising 

5 administering to a mammal in need of such treatment a therapeutically 
effective amount of a compound of Claim 1 or 5 in combination with one 
or more cardiovascular agents. 
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